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The bivalents of several species of Lilium, during the interval 
between the double-thread stage and the metaphase, have already 
been examined by a number of good observers. Hence for fur- 
ther fruitful work three things seem more or less necessary: a 
narrowly limited aim; perfect fixation, which is probably best 
attained by fixing the pollen-mother-cells outside the anther; and 
accurate microscopy, which will doubtless include the use of a 
small circular diaphragm on the source of light, a corrected im- 
mersion condenser, and appropriate light-filters. 

To attain uniform terminology, the writer ventures to use in 
this paper the terms, diaphase, instead of diakinesis; diplophase, 
for diplotene stage; etc. 

Bulbs of Lilium longiflorum (clonal variety, Easter lily) were 
potted late in the year, in a cool greenhouse. Flower-buds some- 
what less than two centimeters long usually showed the required 
stages of the pollen-mother-cells ; namely, late diplophase, diaphase 
(early, middle and late), and metaphase. One anther at a time 
could be removed, so that six stages at intervals of an hour or two 
could be prepared from each bud. The anther was cut up, and 
the short segments squeezed out in a drop of iron-acetocarmine. 
(Spreading out the pollen-mother-cells on a slide, fixing with 
Flemming’s solution, and staining with iron-hematoxylin or iron- 
brazilin, gave preparations less suited for the purpose.) The thin 
layer of liquid was allowed to evaporate under a large coverglass 
for several hours, until the cells were flattened by the capillary 
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pressure. Then the edges were sealed (by a thick solution of 
dammar in xylol, or better) with melted paraffin wax. For oil- 
immersion objectives the tube-length required to be slightly in- 
creased, according to how many microns the chromosomes ex- 
tended below the coverglass. The apochromatic objective for 
water immersion, of 1.25 aperture, and the binocular microscope, 
were mainly used. 

Flower buds of L. regale, from the greenhouse, gave nearly as 
clear figures as those of L. longiflorum. Buds from L. candidum, 
grown in the open, in June, gave excellent metaphases. But in 
late July and August, buds of L. tigrinum, L. speciosum and L. 
auratum had granular pollen-mother-cells; and though these 
cleared up in time in acetocarmine, yet they were not so clear at 
diplophase and diaphase as corresponding stages of L. longiflorum. 
At anaphase also, the chromosomes were shorter and thicker in 
the plants grown in the summer than in those species raised in the 
greenhouse in February. 

An examination of the chromosomes of L. longiflorum, at the 
anaphase of the first division, shows that there are two large J 
chromosomes ; one with the constriction perhaps one-third from 
one end, and the other with the constriction near one-quarter from 
the end. The remaining ten chromosomes have the primary con- 
striction more or less near to, or at, the end; so that the separated 
segment is small or invisible at this stage. (One of these chromo- 
somes shows a secondary constriction. ) 

The leptophase and zygophase closely resemble Newton’s figures 
for 7ulipa (Newton, 1927). In the late diplophase, before the 
bivalents are separate enough to be countable, nodes may be ob- 
served in the double thread. At the earliest diaphase, as soon as 
separate bivalents can be distinguished, many nodes are visible. 
It is difficult to find a cell, however, in which all twelve bivalents 
are free enough from overlap to permit the counting of all the 
nodes. However, Fig. 1 is a camera drawing of a cell showing 
the 12 bivalents at the early diaphase. There is here a total of 39 
nodes; made up by one bivalent with 5 nodes, four with 4 nodes, 
four with 3 nodes, and three with 2 nodes. Other cells at the 
same stage seemed to have about the same numbers of nodes, 
though all 12 bivalents could not be counted. In L. regale, also, 
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this stage seems to have a larger number of nodes than the fol- 
lowing stages; as has, indeed, been noted by previous observers in 
both plants and animals. In Tulipa, which is allied to Lilium, 
Newton’s drawings allow the estimation of about 34 nodes in I1 
of the 12 bivalents at the latest diplophase or earliest diaphase. 
Here, there seem to have been one bivalent with 5 nodes, one with 
4, seven with 3, and two with 2 nodes. 

Between the late diplophase and the late diaphase, many of these 
nodes disappear. At middle diaphase, so far as incomplete counts 
have been made, the numbers are less than in early diaphase and 
more than in late diaphase. At late diaphase, the numbers of 
nodes in five cells of Lilium longiflorum, where all 12 bivalents 
were widely spaced and the nodes readily counted, were 24, 24, 23, 
21, and 21, respectively. The average of these is 22.6. Fig. 2 
is a camera drawing of one of these cells. In Tuwlipa, Newton’s 
drawing shows about 21 nodes at late diaphase. Thus in Lilium 
we have a diminution in the number of nodes, from the earliest 
diaphase to late diaphase, of 43 per cent.; while in Tulipa the 
estimated loss is also slightly over 40 per cent. It is possible that 
if the counts could have been made earlier in the diplophase the 
loss would have been shown to be somewhat larger. Hence we 
may say that, in Lilium and Tulipa, at least, somewhat less than 
half of the original nodes disappear before the metaphase. 

At the metaphase, the numbers of nodes were about the same as 
in late diaphase; namely, 24 in one metaphase of L. longifloruim 
( Fig. 3), and 21 and 20 in two metaphases of L. regale ; averaging 
21.7, as compared with 22.6 for the late diaphase. In these cases 
the metaphase chromosomes were squeezed from the cells, and 
cases were readily procured in which the nodes of all 12 bivalents 
could be accurately counted. 

The nodes at late diaphase and at metaphase are doubtless 
chiasmas (Janssens, 1924), as they are also in Uvularia, Hyacin- 
thus, and Allium (Chodat, 1925). A chiasma can be distin- 
guished microscopically by the following points. (1) When the 
bivalent is normally flat, or is flattened by pressure, two chro- 
matids may be seen to pass on, and two to form an X. Thus Fig. 
4 shows a metaphase bivalent of L. candidum, slightly com- 
pressed, at three different levels, the focus of the microscope de- 
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scending from left to right. There are two chiasmas visible, of 
which the left one is the clearer. Fig. 5 shows another flattened 
bivalent from the same metaphase plate as Fig. 4, drawn as usual 
with shifting focus. Here the two chiasmas are clearly alternat- 
ing with regard to the chromatids. (2) In a chiasma at the 
diplophase or diaphase, the cross junction can often be seen to 
be thinner than the continuous threads. In a half turn of a 
spiral, the cross junction would of course be of double thickness. 
(3) When sufficient pressure is applied to the diaphase bivalents, 
after being some days in acetocarmine, they seem to break across 
only at the nodes. The separation of the strands in a chiasma 
would doubtless make it a point of weakness. (4) At late dia- 
phase and metaphase, the portions of the bivalents on each side of 
a chiasma are in planes more or less at right angles to each other 
(Fig. 3). (5) At the first anaphase, the constituent chromatids 
do not separate in the halves of vertical V’s and rings, while they 
do in horizontal V’s or rings. Fig. 6 shows this separation in 
L. longiflorum. 

The nodes (chiasmas) have been courted in 96 bivalents of 
Lilium, from eight different cells, at late diaphase and metaphase. 
Of these, 31 bivalents had one node, 49 had two nodes, and 16 
showed three nodes. Calculating the points of segmental inter- 
change, or points of genetic crossing over, in the resulting chromo- 
somes (four from each bivalent), we find: 119 chromosomes with 
no point of interchange; 184, with one point of interchange; 73, 
with two points of interchange; and 8 with three points of inter- 
change. In percentages these are: 31, with none; 48, with one; 
19, with two; and 2, with three points of interchange. These 
figures agree fairly with the figures for the four large bivalents of 
Hyacinthus (Belling, 1927), and perhaps also with the genetical 
results in species of Drosophila. 

The nodes which disappear between diplophase and late dia-- 
phase do not seem to be all or mainly twists. Clearly recognizable 
twists (half turns of a spiral) are apparently rare in Lilium longi- 
florum and L. regale. Nor do these vanishing nodes seem to be 
chiasmas which open out; for if so, this process should have been 
visible, as it is at early anaphase. Their nature awaits further 
investigation. However, the drawings of early observers, which 
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show bivalents in Lilium, or plants allied to Lilium, forming, at 
the late diplophase or early diaphase, regular right-handed or left- 
handed spirals of several turns, do not correspond to what is to be 
observed in Lilium longiflorum, with perfect fixation, yellow-green 
light, a nine-tenths condenser cone, and apochromatic oil-immer- 
sion objectives of 1.3 and 1.4 aperture. 

Summary.—(1) The bivalents of six species of Lilium were 
studied, from the double-thread stage to the early first anaphase, 
in pollen-mother-cells fixed in iron-acetocarmine. Thirty-nine 
nodes were found at late diplophase or early diaphase. 

(2) In 5 late diaphases, the average number of nodes was nearly 
23, and in 3 metaphases the average number was nearly 22. Thus 
there was a loss of 43 per cent. of the nodes between late diplo- 
phase and late diaphase. 

(3) Out of 96 bivalents, there were 31 with one node, 49 with 
two nodes, and 16 with three nodes. This would result in chromo- 
somes having 31 per cent. with no point of segmental interchange, 
48 per cent. with one point, 19 per cent. with two points, and 2 
per cent. with three points of segmental interchange. 

(4) Dixon’s term, “ strepsitene,’ seems to have been a mis- 
nomer in the case of Lilium. Fifty-seven per cent. of the nodes 
were demonstrably chiasmas. 


LITERATURE CITED. 


Belling, J. 
25 Homologous and Similar Chromosomes in Diploid and Triploid 
Hyacinths. Genetics, 10: 59-71. 
°26 Single and Double Rings at the Reduction Division in Uvularia. 
Biot. Butt., 50: 355-363. 
°27 ~Configurations of Bivalents of Hyacinthus with regard to Seg- 
mental Interchange. Brot. BuLt., 52: 480-487. 
Chodat, R. 
25 La chiasmatypie et la cinése de maturation dans |’Allium 
ursinum. Bull. Soc. Bot. Genéve, 1925. 
Janssens, F. A. 
24 La chiasmatypie dans les insectes. Cellule, 34. 
Newton, W. C. F. 
27. Chromosome Studies in Tulipa and some related Genera. Linn. 
Soc. Journ. Bot, 47: 339-354, 
References to earlier literature may be found in these papers. 


JOHN BELLING, 


EXPLANATION OF PLATE I. 


Fic..1. Early diaphase in a pollen-mother-cell of Liliunz longiflorum. 
Camera drawing from an iron-acetocarmine preparation (as were also the 
other five figures). Cytoplasm and chromosomes squeezed from the cell- 
wall, and flattened on the coverglass. Viewed with the apochromatic oil- 
immersion objective 60, of 1.3 aperture, used with the binocular attachment. 
Tube-length increased to correct for watery layer. Wratten film, No. 66, 
and water-immersion condenser giving aperture of 1.2, used. There were 
39 nodes counted. Some of them were seen to be chiasmas, but the detail 
was too fine to be shown in this drawing. Only one was proved to be a 
half twist. 

Fic. 2. Late diaphase of Lilium longiflorum. Preparation and optical 
apparatus as in Figure 1, except that lower eyepieces were used. There 
were 24 nodes. Many could be seen to be chiasmas. Probably all were 
chiasmas. Stages like this could be had in abundance, and the nodes could 
be easily counted. 

Fic. 3. Metaphase bivalents of Lilium longiflorum. Magnification, etc., 
as in Figure 2. The nodes can be counted with accuracy at this stage, and 
can be shown to be chiasmas. There were 23 nodes. This stage is common. 

Fic. 4. Metaphase bivalent of Lilium candidum which has been squeezed 
flat by due pressure, drawn in three focal planes. Viewed with apochro- 
matic water-immersion objective 70. Description in text. 

Fic. 5. Another bivalent from the same cell as that drawn in Fig. 4. 
Camera drawing with shifting focus of microscope. Described in the text. 

Fic. 6. Separation of the homologues in the metaphase and early anaphase 
of Lilium longiflorum. The first four above show stages in the separation 
of the two larger bivalents. The two below, and the one on the right are 
shorter bivalents. Chiasmas are evident. 
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INTRODUCTION. 


While working on the life cycle of Chlamydodon, a system of 
fibers around the mouth was found, and, on account of the rela- 
tion of these fibers to the pharyngeal basket and other organelles, 
it seemed worth while to make a further study. 

As most of the literature on the subject of conductile fibers, 
especially in the Protozoa, has been reviewed by Taylor (1920), 
Rees (1922), and Calkins (1926), it seems unnecessary to take 
up the subject here. 

Kofoid applied the term Neuromotor Apparatus to the complex 
fibrillar system associated with blepharoplasts, parabasal bodies, 
etc., found in Giardia. Other systems of this kind have been de- 
scribed for the flagellates by other workers. 

In the ciliates Sharpe (1915) was the first to give the term 
Neuromotor Apparatus to a complex system of fibrils, having a 
center or motorium, which he found in Diplodinium ecaudatum. 
Since that time, similar systems have been described for seven 
‘other ciliates as follows: Yocom (1913) in Euplotes patella; Mac- 
Donald (1922) in Balantidium coli and suis; Rees (1922), Para- 
mecium caudatum,; Visscher (1925), Dileptus gigas; Campbell 
(1926 and 1927), Tintinnopsis nucula and Favella; and Picard 
(1927) Boveria teredinidi. Euplotes represents a highly special- 
ized type of Neuromotor Apparatus, Paramecium caudatum a 
generalized type, while that of Chlamydodon represents a com- 
bination of the two types. 
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MATERIAL AND METHODS. 


The animals used in this investigation were collected from 
Knowlton’s ditch at Woods Hole, Mass. A small portion of 
algae, chiefly Oscillatoria, from the same ditch, placed in a syra- 
cuse dish in Knop’s solution one part, distilled water ten parts, 
furnished an excellent culture medium. By making sub-cultures, 
the animals were kept in the laboratory at Agnes Scott College 
for two winters. 

Various killing and fixing solutions were used, the best results 
being obtained with Schaudinn’s Fluid, Bouin and strong Flem- 
ming. If the material was to be stained with Mallory’s connective 
tissue stain, it was fixed with Zenker’s or Picro-mercuric fluid, 
using the time schedules recommended by Sharp and Yocom. 
Some of the best preparations were obtained by the use of .3 per 
cent. hemotoxylin, long method. 

Two methods of embedding were used: (1) by the aid of a 
LeFevre embedding dish, and (2), by killing a whole culture in a 
Syracuse dish, and embedding small bits of alge to which the 
animals were attached. This was found to be the most satis- 
factory method, as there was little danger of losing the animals, 
and the material could be quickly handled; also it gave an abun- 
dance of material. Sections were cut from 2-4 thick. On ac-* 
count of the thickness of Chlamydodon, it is impossible to work 
out the system of fibrils in whole mounts. 

All drawings were made with the camera lucida, except Fig. 15, 
and with the use of 1/7 Leitz oil immersion lens and 12 X oculars. 
Details were worked out with 12 X oculars and a Zeiss 1.5 mm. 
apochromatic lens. A 250-watt light in a Zeiss microscope lamp 
was used for illumination. 


THe Genus Chlamidodon. 


The genus Chlamidodon was named and described by Ehrenberg 
in the Proceedings of the Berlin Academy in 1835. He states 
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that he discovered Chlamidodon mnemosyne in the waters of the 
Baltic Sea near Wismar, Aug. 26, 1834. In 1838, in his Infu- 
sionsthierchen als volkomene Organismen, he mentions this form 
again, and, in addition to the “ teeth apparatus ” mentioned in his 
first paper, he describes, a “colorless oval shield,” projecting on 
all sides beyond the body, and covering its body. Stein (1859) 
differs with Ehrenberg in some details, ¢.g., he says that he found 
only eight instead of sixteen trichites in the basket, and he thinks 
the “oval shield” is just part of the body. Entz (1884) de- 
scribes Chlamydodon cyclops Entz as having fifteen and sixteen 
trichites in the pharyngeal basket, while Erlanger (1890) figures 
Chlamydodon mnemosyne with sixteen. Stein changed the spell- 
ing from Clamidodon to Chlamydodon. 

Ehrenberg placed the genus in the family “ Euplota”; Stein 
* placed it in the family “ Chlamydodonta.” 


ais 


Micronucleus (7) 


~ MY —___ -Restroad track." 


Fic. 1 A. Chlamydodon sp. (Prob- Fic. 1 B. Side view. 
ably a variation of mnemosyne.) 
Ventral view. 


The form most common at Woods Hole is probably a variation 
of Chlamydodon mnemosyne, though it differs very much from 
Erlanger’s description of that species. There is another species of 
Chlamydodon, found at Woods Hole, which the writer has seen 
only twice, and only isolated specimens. It has a very short 





474 MARY STUART MACDOUGALL, 


pharyngeal basket situated at the extreme anterior end. It dif- 
fers from all described species in the character of its cilia. 

The species which was used as a basis for the present study, 
Fig. 1, measures from 60-70, in length, and 40-45» in breadth. 
Like all of the species, it is ciliated on the ventral side only, the 
anterior cilia being much longer than those on the other parts of 


Fic. 2 4A. Arrangement of cilia and fibers traversing the circular myoneme. 
Fic. 2 B. Fan of fibers from cilia just before they join motorium. Delicate 
cross fibers from basal bodies of cilia. 


the body. The cilia are very fine, and arranged in rows set close 
together. To get the true arrangement of cilia, the ventral sur- 
face has to be removed and flattened out. This is possible only 
when the “ railroad track” has been cut, as this structure bounds 
the rows of cilia, and, at the anterior end pulls a part of the ventral 
surface over on the dorsal side, Fig. 1 B and Fig. 4. The anterior 
cilia take their origin from a zone on the right-hand side (ventral 
side up), extend around the anterior end in a half circle, thence to 
the posterior boundary of the “ railroad track” in a somewhat 
curved line, Fig. 2. The cilia below the zone on the right-hand 
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side, take their origin as said zone, and extend in curved lines to 
the posterior boundary of the railroad track. The three central 
rows begin at the posterior end of the myoneme surrounding the 
mouth, and extend to the posterior end of the “ railroad track ” in 
the same manner as the other rows, Fig. 2. Fig. 1 B shows the 
manner in which the “ railroad track ” bounds the rows of cilia. 


2%. 000 


Fic. 3. Sections showing various changes in shape of the “ railroad track.” 
Fic. 4. Sections of entire animal showing changes in the shape of the “ rail- 
, road track,” and changes in the shape of the animal. 


The peciliar organelle known as the “ railroad track” is a band 
of trichites encircling the animal in the manner shown in Fig. 1 B. 
In some of the older papers, the exact location of this band is a 
matter of discussion. We were able to pierce the dorsal wall of 
the animal with a micro pipette, and blow out the cell contents, in- 
cluding the pharyngeal basket; nothing was left except the body 
wall, almost entire, and the “ railroad track.” Its position was un- 
changed. It is covered with a thin pellicle, and fastened, tightly 
to it. With the micro dissection needles, the track was cut out 
and pulled apart. While it was easier to tear apart where it was 
thin, we could not duplicate the effect shown by Erlanger. The 
figure in Erlanger’s paper seems to show the parts of the “ railroad 
track ” easily separable into round masses of protoplasm, each hav- 
ing a trichite in the center. 

If the animal is viewed from the ventral side, the structure 
looks flat, and the trichites arranged after the manner of crossties, 
hence the name “ railroad track.” A side view of whole mounts, 
easily obtainable, and sections, shows that the ordinary shape of 
this structure is half a circle. The organelle has the power of 
changing its shape. This is readily shown in sections; it may be 
almost completely closed, or wide open, Figs. 3 and 4. After this 
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observation was made, a careful study of the living animal showed 
that when the lip was bent back very far the structure was closed, 
forming a complete ring. The anterior end was closed during 
ingestion of food. 

The ends of the trichites seem to be heavier than the middle 
portion, and between each two trichites there is a thin portion with 
a place in the center easily pulled apart. When the organelle is 
cut and straightened out, it is seen that the trichite is thickened 
and the thin portion reduced, the end view reminding one of an 
accordion, Fig. 17. 


Fic. 5. The pharyngeal basket of Fic. 6. Side view, showing relation 
Chlamydodon sp., with circular myo- of basket to myoneme. 
neme which covers it removed. 


“ 


The band or “ railroad track” is not interrupted, as shown in 
Erlanger’s figures of Chlamydodon mnemosyne. Just before di- 
vision, a break near the center may be observed. 

The pharyngeal basket is very large in proportion to the size of 
the animal. It is very different from the basket described by 
Erlanger, and figured in Doflein, p. 54. There are ten heavy 
trichites, the anterior ends being expanded, and the trichites show- 
ing distinctly. About half way down, the trichites seem to fuse, 
their identity becoming lost as the basket narrows, resembling 


Chilodon uncinatus in this respect. The posterior end has a small 
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filament wound to the right (ventral view). At the anterior end, 
each trichite has a sort of cap fitted to it somewhat after the man- 
ner of a hinge, Figs. 5 and 6, and extending to the mouth opening. 
These caps are in the shape of a triangle, and form a lid. This 
lid is, in turn, covered by a circular myoneme, like a sphincter 
muscle, in the center of which is the mouth opening. As Figs. 


9 10 


Fic. 7. Circular myoneme surrounding the month, with traversing fibers. 

Fic. 8. Tangential section through mouth region, showing relation of basket 
to myoneme and fibers. 

Fic. 9. Fibers in caps of trichites and top of trichites. 


Fic. 10. Caps removed from the trichites of the basket. Note fan of fibers. 


6 and 8 show, the edges of the mouth opening in this myoneme fit 
under the points of the triangles. It is suggested that the triangles 
are pulled back by the myoneme, and so opens the mouth. 

The macronucleus is divided into two parts, the anterior part 
taking the stain more lightly than the posterior half. In the rest- 
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ing stage, the granules in the anterior half form a complete horse- 
shoe. These granules change in size and position as cell division 
proceeds. There are, in addition, many small granules. The 
posterior half has a large division center, and many other smaller 
granules. Between the two halves there is a split, or querspalt. 
Often a granule is found in this split, and it has been observed to 
divide. The two granules migrate into the cytoplasm. It has not 


Fics. 11, 12, 13, 14. The Motorium, and its relation to other structures. 


been possible to follow their further history. In division, the 
split disappears, the division center moves up the center of the 
nucleus, pulls out and divides. All of the stages of division have 
not yet been worked out. 

The position of the micronucleus is uncertain. Entz pictures it 
on the side of the.nucleus in Chlamydodon cyclops, and Erlanger 
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shows it imbedded in the anterior end of the macronucleus. It is 
quite small, and some of my preparations show it at the posterior 
end of the macronucleus, and some at the side. It cannot be seen 
in all preparations. 


THe NeEurRoMOTOR APPARATUS 


The first part of the neuromotor apparatus to be observed was 
a system of fibers around the mouth or oral' opening, Figs. 2, 6, 7. 
As described above, the pharyngeal basket in Chlamydodon is very 
large and heavy, and the circular myoneme around the mouth is 
seen to be traversed by many fine fibers, with a small granule for 


Fic. 15. Diagrammatic representation of the relation of fibers to the “ rail- 
road track.” 


each one on the edge of the myoneme, Fig. 7. In only one or 
two favorable preparations could it be seen that these fibers run 
out into the cytoplasm in the general direction of the “ railroad 
track,” Fig. 11. With the aid of micro dissection needles, it is 
possible to lift off the ventral surface of the animal. If this is 
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then properly stained, it is seen that the myoneme around the 
mouth is continuous with the body wall, but much thicker. The 
fibers from the myoneme extend under the rows of cilia. They 
are very fine, and it is impossible to trace them far. 

Fibers run from one trichite to the next, and there are cross 
fibers on each of the caps, Fig. 9. These fibers all come together 
in two heavy strands, joining other fibers around the mouth, and 
connecting the motorium at the lower right-hand corner, Figs. 12 
and 13. 

The basket seems to be lined with a very thin membrane, and 
when the caps are removed from the trichites, fibers can be seen 
in this lining, Fig. 10. 

The motorium is just below the anterior end of the basket, and 
is placed a little slantingly, Figs. 11, 12, and 13. It is a bilobed 
mass, which stains with hemotoxylin. It, and the other fibers in 
the system, stain bright red with Mallory’s connective tissue stain. 


by) 


Fic. 16. Portion of the “ railroad track” greatly enlarged. 
Fic. 17. Portion of the “railroad track” dissected out and flattened. 
Shows peripheral fibers. 
Fic. 18. Section showing dorsal and ventral fibers from the “ railroad 
track.” 
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It is impossible to see the motorium in the whole mounts. On ac- 
count of its proximity to the pharyngeal basket, it was overlooked 
for a long time, for the basket is heavy, and when destaining is 
carried on long enough to differentiate it, the motorium is de- 
stained. In sections, however, the structure is easy to see. With 
the aid of microdissection needles, the basket can be dragged out 
whole, and the motorium is sometimes pulled out with it. It is 
then seen to be a refringent body, while in stained sections its gen- 
eral structure appears granular. Fig. 12 shows the fans of fibers 
joining the motorium. 

The peculiar organelle known sometimes as the “ striped band ” 
or “ railroad track” mentioned above, has a very complex system 
of fibers connected with it. Sections show the fibers very well, 
but their paths are hard to trace on the ventral side on account of 
the presence of the cilia. 

At each end of each trichite, there is a plate or mass, Fig. 16. 
In sections this mass appears single, Figs. 13 and 18; when viewed 
from the ventral side of the animal, it appears bilobed or double, 
Fig. 16. There is a possibility that when the granules were ob- 
served from the ventral surface, they were in the process of di- 
vision, but, when they were seen at all from this angle, they ap- 
peared double. The presence of fine rows of cilia on the ventral 
surface obscures everything; on the ‘dorsal surface the body is 
much curved in the region of the railroad track, ‘naking it im- 
possible to see the granules or masses so close to the organelle. 
The fibers that go through the trichites are connected with these 
masses. Fig. 15, in a somewhat diagramatic way, shows the re- 
lation of one set of ventral fibers with the masses and the 
trichites. There are two sets of fibers, one set that enters the 
trichites, and one set runs through the thinner portion of the 
“railroad track,” Fig. 15. These fibers are from two levels. 
When the mouth is open, during the ingestion of food, the rail- 
road track changes its shape from a half circle to a closed circle, 
Fig. 4. From the evidence of the sections, and the observations 
upon the living material, it is reasonable to suppose that one set 
of these fibers is connected with the myoneme around the mouth. 
The presence of ciliary lines and fibers make it almost impossible 
to trace these fine lines. 
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The dorsal fibers extend only a short distance underneath the 
pellicle, then they turn and go in the direction of the motorium. 

Only two preparations showed with any clearness the fans of 
fibers joining the motorium. The basal bodies of the cilia are 
connected both by longitudinal and cross fibers, Fig. 2 B. The 
longitudinal fibers of the cilia turn in at the zone of origin of the 
cilia, and connect with the motorium at the anterior end, Fig. 12. 
This end of the motorium also receives the fibers from the ventral 
surface of posterior end of the animal. Fig. 15, and some fibers 
from the mouth region. Figs. 13 and 14. The dorsal fibers join 
the motorium at the posterior end. 

As described above, between each two trichites, there is a thin- 
ner portion, and in the center of this is a series of small granules. 
The granules are connected with fibers which pass over the trich- 
ites to the next set of granules, Fig. 17. In some sections, the ac- 
cordion like arrangement is more pronounced than others, sug- 
gesting that there is power of movement, a sort of folding of the 
trichites. No observations on the living material settled this point, 
but further evidence of the possibility of the movement suggested 
lies in the fact that the trichites are sometimes closer together than 
at other times. 


MICRODISSECTION. 


After the location of the motorium, twenty-five animals were 
successfully cut, freehand, with the aid of micro-dissection needles 
given to me by Dr. Robt. W. Chambers of Cornell Medical Col- 
lege. Later, Miss Howland, of New York University, operated 
upon several with the Chambers micro-dissection apparatus. 

The cilia of Chlamydodon are fine, the anterior ones being longer 
and easier to observe than the posterior ones. The motorium 
cannot be seen in unstained specimens but its position with relation 
to the basket is known, so that it is quite simple to destroy it. If 
the motorium be destroyed, there is a marked disturbance in the 
action of the cilia, in no way comparable to the disturbance of the 
cilia if other parts of the body are injured. The cilia still have 
their wave like motion, however, and this is to be expected when 
one takes into consideration the relation of connecting fibers of 
the cilia, Fig. 2.4 and B. However, the cilia do not reverse after 
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the destruction of the motorium as is usual in intact animals. 
Isolated pieces behave the same way, as has been observed by 
Jennings and Jamieson (1902), and by Rees (1922). Animals 
without conspicuous motile organs are not favorable material for 
the study of the coérdination by means of microdissection. 


SUMMARY. 


A description of Chlamydodon, probably a variation of the 
species mnemosyne, found in brackish water at Woods Hole, is 
presented. 

There is a complex neuromotor apparatus, including a codrdinat- 
ing center, and systems of fibers connected with cilia, the mouth 
opening, the phryngeal basket, and the “ railroad track.” 

The connection of the fibers with the organelles and the central 
mass, or motorium, the behavior of the animal after the destruc- 


tion of the motorium, seem to suggest a codrdinating function for 
the system. : 
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OBSERVATIONS ON THE FOOD REACTIONS 
OF ACTINOPHRYS SOL. 


JAMES BURDINE LOOPER.1 


INTRODUCTION. 


Observations on the ability of the protozoa to choose their food 
date back to 1838 at least. At that time Ehrenberg observed that 
various organisms ingest carmine which, as food, is nothing more 
than inert matter. From 1838 until 1902 most of the workers in 
this field held that protozoa do not possess the power of choosing 
their food. Even at the present time, as stated by Visscher (’23) 
in the introductory to his work on Dileptus gigas, it is evident 
that the selection of food has thus far been positively demonstrated 
in a very éew forms. 

Kepner and Whitlock (’21), in their work on Ameba, give proot 
of qualitative efforts on the part of Amaba to meet certain con- 
tingencies. Up to the present time proof of such qualitative effort 
in other rhizopods has not been recorded so far as I have been 
able to determine. 

This work was done under the direction of Professor William 
A. Kepner, to whom I am deeply indebted for helpful suggestions 
regarding these experiments and the preparation of this paper. 
I am also indebted to Professor Bruce D. Reynolds for valuable 
criticisms and suggestions. 


CULTURE METHOD. 


The best cultures were obtained in an infusion made by boiling 
three grains of wheat for five minutes in 100 cc. of filtered spring 
water. The infusion, along with the three grains of boiled wheat, 
was placed in a small, clean, glass aquarium and allowed to stand 
at least twenty-four hours before the animal was introduced. 
After about a month had passed Actinophrys could be secured 


1From the Laboratory of Biology of the University of Virginia, and 
the Laboratory of Histology, University of Mississippi. 
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from such a culture usually in abundance. The cultures were kept 
covered with thin sheets of plate glass and were kept in the darkest 
portion of a well lighted room. To keep the cultures going it was 
found necessary to add to each culture 5 to 10 cc. of boiled spring 
water per week. The Heliozoa subsisted chiefly upon Peranema 


and Colpidia, the progenitors of which were introduced when the 
cultures were inoculated. 


METHODS OF OBSERVATIONS. 


All observations were made under the compound microscope 
—the 4 mm. objective and number 10 eyepiece being used in 
practically every observation made. A number 10 eyepiece con- 
taining a corrected micrometer, and having a camera lucida at- 
tached was kept at hand in case sketches or measurements were 
to be made. 

Cultures in Petri dishes were examined under the 16 mm. 
objective. In this way observations were obtained on movement 


and general behavior in a habitat to which the anithals were 
thoroughly accustomed. 


A few observations were made on specimens in a drop of water 


on an ordinary micro-slide under a cover glass, but most obser- 
vations were made on specimens mounted in a hanging drop. The 
former method is inconvenient because water has to be supplied 
to compensate for evaporation. This often disturbed the Acti- 
nophrys in such a way as to cause it to lie quietly for some time, 
hence, much valuable time may be lost. The hanging drop method 
alleviated this trouble once the mount was properly made. To 
prepare the mounts, first a glass ring about 1 cm. in height and 
144 cm. in diameter, was placed on a clean slide and attached 
thereon by applying vaseline around the proximal end of the ring. 
The ring was then supplied with well-oxygenated water until the 
meniscus came up to half the height of the ring. Clear water in 
which Elodea or Chara was actively growing was found to be best. 
The supply of oxygen in the water in the ring tends to replenish 
the supply in the hanging drop as it is used up by the mounted 
Actinophrys sols. The desired number of the above mentioned 
specimens was then isolated by means of a capillary pipette and 
placed on a clean number one coverglass. Next, with another 
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capillary pipette, the desired objects of prey were applied to the 
drop on the coverglass containing Actinophrys sol. The upper 
end of the ring, which had previously been prepared, was smeared 
with a small amount of vaseline. The coverglass was then in- 
verted and gently pressed down on the ring. Mounts, prepared 
as described above, often lasted two weeks for observation. In ob- 
serving these mounts under the 4 mm. objective, better lighting 


was obtained by removing the sub-stage condenser and employing 
the concave mirror. 


SPECIAL PSEUDOPODS. 


The special pseudopods for taking in prey are always composed 
of hyaline ectoplasm. There are three general types of these 
special pseudopods. First, if the object to be ingested is very 
small and relatively motionless, a small, straight pseudopod is ex- 
tended, and upon coming in contact with the object spreads out into 
a cup which encircles and closes in closely on the object. These 
pseudopods often resemble a dipper if the protruding end happens 


to pass beyond the food object before contact is made. Second, 
if the motionless object be large, a wide, hyaline outgrowth (Fig. 
I, I a) of protoplasm advances towards the prey. When it gets 
quite near to, or comes in contact with the prey, the tip of this 
special pseudopod expands in all directions laterally. These lateral 
expansions close about the large motionless food object usually in 
close contact with it. In the few instances when close contact 
may not be made about the large motionless food object, the food 
vacuole is always decidedly smaller than is the case with animate 
objects mentioned in the next or third class. Third, large sack- 
like pseudopods (Fig. 2, 1 a) are sent out to encircle active ani- 
mals. The victim is often cut off from a means of escape by a 
palisade of rays on one side, and by the approaching special pseu- 
dopod on the other. 


REACTIONS TO INANIMATE OBJECTS. 


In experiments on reaction to inanimate objects, only such ma- 
terials were used that were thought to be non-toxic to Actinophrys. 
In addition, the materials chosen were of such nature as to be 


easily distinguishable in the vacuoles. The following were tried: 
32 





Fic. 1. Sketches illustrating the ingestion of an inanimate object—granule 
of wheat starch. 


1. Actinophrys sol with the granule partially enclosed by the food- 
getting pseudopod, a; b, ray; c.v., contractile vacuole. 

2. Same specimen one half hour later in which a has grown to a’. c.v.’, 
Protoplasmic projections representing broken wall of emptied contractile 
vacuole. (X 825.) 





FOOD REACTIONS OF ACTINOPHRYS SOL. 489 


carmine, alizarine, powdered glass, plain wheat flour, corn starch, 
and powdered graphite. Ten experiments were tried with each of 
these materials, but evidence of ingestion was seen only in the 
experiments where ‘carmine, wheat flour, and corn starch were 
used. In the experiments with each material care was taken to 
try individuals which were in different physiological conditions ; 
c.g., small, underfed specimens, well fed specimens, and speci- 
mens which were accustomed to different types of food. Only 
experiments with materials which Actinophrys ingested will be 
recorded in this paper. The following tables contain the results : 


TABLE I. 


REACTIONS TO CARMINE. 


No. which |,,; : 7 akine| NO. Taking 
No. of Indi-| Did Not |N No. Taking| N°; Taking) ‘More than 
viduals in | Take Any on Two Parti- Three 
Hanging Particles cobs cles within withias Particles 
Drop. within 2 H 2 Hrs. Hrs within 2 
Hrs. 7 Hrs. 
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In each experiment observations were made as soon as the 
hanging drop mount was made, then every fifteen minutes there- 
after for a period of two hours. In no case did it seem probable 
that ingestion followed by egestion took place within the time be- 
tween observations. This is because Actinophrys reacts slowly. 

Table I. shows that fifty-two individuals (75.4 per cent.) did 
not take carmine at all. Twelve individuals (17.4 per cent.) took 
only one particle of carmine. The number taking two particles 
was four, only one individual took as many as three particles, 
while none took more than three. Hence, it is evident that car- 
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mine was ingested by only about one fifth of the total number of 
individuals, and these took carmine in relatively small quantities. 

I was fortunate in seeing eight of the specimens ingest the 
particles. In each case small, straight, food-getting pseudopods 
were extended and the particles were closely embraced. This 
phenomenon will be referred to again later. 


Taste II. 


REACTIONS TO WHEAT FLovuR. 


No. which |,, . ti.) NO. Taking 
No. of Indi-| Did Not pie Santos No. Taking Mo, Zahing More than 
viduals in | Take Any | “pa¥sicie. | Two Parti- 
Hanging Particles pas cles within 
Drop. within 2 2 Hrs. 


Experiment. Particles | particles 
within 2 within 2 
Hrs. 
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7 2 
3 2 I 
6 3 2 
8 5 2 


a 
= 
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a 





25 i “ 2.3 


In Table II. are found the results of ten experiments with plain 
wheat flour. Thirty-nine individuals (61 per cent.) did not in- 
gest particles of the flour. Twenty-five per cent. ingested only 
one granule each, and three tenths per cent. ingested two granules, 
while two and three tenths per cent. ingested three and four 
granules, respectively. None were observed to. take in more than 
four granules. 

The experiments with flour were carried out under practically 
the same conditions as the experiments with carmine. However, 
the results of the former tend to show that particles of wheat 
flour are taken in by a larger number of individuals, and in rela- 
tively larger amounts, than carmine was by individuals under 
similar conditions. This can probably be explained by the fact 
that particles of wheat flour may be coated with a thin film of 
protein material which Actinophrys is able to digest and assimilate, 





FOOD REACTIONS OF ACTINOPHRYS SOL. 491 


though I was not able to detect any change in granules which lay 
in the food vacuoles for as long as five days. 

The type of pseudopod employed in engulfing particles of 
wheat flour belongs to the second class previously described for 
the taking in of relatively large motionless objects. As with the 
carmine particles, the pseudopod closely embraces the particles of 
flour, though the process is very much slower. The slowness of 
ingestion is probably due to the larger size of the particles. 

Table III. contains the results of ten experiments with corn 
starch. Fifty-eight individuals (85.3 per cent.) did not take in 
granules at all. Eleven and seven tenths per cent. engulfed only 
one particle each. Three per cent. took in two particles each, 


Taste III. 


REACTIONS TO CORN STARCH. 


z ; | No. which |,, : . tng| NO. Taki 
No. of Indi-| *}¥: No. Taking -  INo. Taking ng 
viduals in —i Only One ~~ Te Three “= than 

i Particles, Particle os withi Particles eee 
‘thi within 2 Q) within Particles 
within 2 Hrs. . iss. — 2 


Per-cemt........ 


while none took in more than that number. By referring to 
Tables I., II., and III., it may be easily seen that these results 
show that corn starch was taken in by fewer individuals than 
either carmine or wheat flour. 

The method of ingesting corn starch was observed to be practi- 
cally identical with the method referred to under experiments 
with wheat flour, viz., inanimate particles are closely embraced by 
the food-getting pseudopods. 


Since it is more convenient to merely state the results of the 
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following experiments, tables will not be given. In all experi- 
ments the procedure as outlined under the reactions to inanimate 
objects was followed and the data were obtained in a correspond- 
ing manner. 


ReAcTIoNS TO MoTIONLESS ANIMATE OBJECTS. 


Under this heading reactions to living yeast, motionless alge, 
and Euglena cysts are recorded. 


A. Desmids. 


a. Scenedesmus.—In experiments with Scenedesmus forty- 
eight Actinophrys were involved. Sixty per cent. did not take the 
alge. Those engulfing only one mass constitute thirty and three 
tenths per cent. The remaining nine and six tenths per cent. of 
the individuals engulfed two masses each. These desmids were 
taken in by the same type of pseudopod as were the inanimate 
objects. 

b. A Larger Desmid.—Fifty animals involved in ten experi- 
ments were tried with this desmid. Only four per cent. attempted 
to engulf the larger alge, and in one case only was the attempt 
successfull. In this case one Actinophrys sent out a pseudopod 
and partially surrounded the plant but was not large enough to 
completely surround it. This animal, while attempting to sur- 
round the desmid, was joined by another animal. This union ap- 
peared to be a complete fusion of the cytoplasm of one with that 
of the other, the nuclei remaining separate. After this fusion 
the pseudopod of the first animal was enlarged to completely sur- 
round the desmid. The desmid remained in the food vacuole of 
the multiple individual for a period of five hours and was then 
slowly forced out through the outer membrane. Nothing re- 
mained of the plant except the cellulose wall and a few particles 
which remained on the inside of it. A similar phenomenon in 
the Rhizopods was referred to by Delage and Herouard (’96), as 
a ‘‘ Societe de Consumation.” Distaso (’08) called attention to 
the grouping of 4 sol for the capture of large food objects. 


B. Yeast. 


In experiments with yeast seventy-two animals were used. 
Twenty per cent. of these took in one or more of the plants. 





FOOD REACTIONS OF ACTINOPHRYS SOL. 493 


Since yeast plants are so small it was impossible to keep check on 
the number taken in. When taking in objects of the above kind 
the pseudopod was of the small straight type referred to pre- 
viously in this paper. The plants in all cases observed were 
closely embraced by the pseudopod until digestive fluid began to 
collect around them, filling a space between the outside of the 
plants and the wall of the vacuole. 


C. Cysts of Alge. 


Euglena cysts and cysts of Chlamydomonas were taken in in 
practically the same proportion. In each case one cyst each was 
taken in by fifteen individuals (20 per cent.). Four per cent. 
took in two cysts each, while only one per cent. ingested three 
each. There were not any taking in more than three cysts. The 
close embrace was employed in all ingestions observed. 

The experiments with motionless animate objects show that 
Scenedesmus is taken more often than either living yeast, Euglena 
cysts, or cysts of Chlamydomonas; also, that a larger desmid was 
rarely chosen as an object of food. The ingestion of the larger 
algze required the cooperation of two or more individuals. 


REACTIONS TO MovinGc ANIMATE OBJECTS. 


In reacting to moving animate objects Actinophrys presents an 
entirely different type of food-getting pseudopod. Previously, 
this was referred to as a relatively large, cup-like pseudopod. In- 
stead of the close embrace of the object by the pseudopod, which 
was referred to under reactions to inanimate objects, we have 
what may be referred to as a “ subtle embrace.” A description 
of the capture and ingestion of a Colpidium will serve to make 
clear what is meant by a “ subtle embrace.” 

While watching the movements of an Actinophrys a Colpidinm 
was observed to encounter the tips of some of the rays of the 


former. The Colpidium became motionless almost instantly, as 
if completely paralyzed by the encountered rays. While watching 
to see the ultimate fate of the ciliate a relatively large mass of 
cytoplasm was observed to be protruding from the surface of the 
Actinophrys. This mass, which proved to be a food-getting pseu- 
dopod, came forward as a single mass until it was four micra 





2 


Fic. 2. 


Sketches illustrating the ingestion of a moving animate object— 
Chilomonas. 


1. Actinophrys sol with a pseudopod, the contour of which is becoming 


adapted to that of the prey before coming into contact with the latter. 
food-getting pseudopod. 


2. Same specimen fifteen minutes later. 
shows wide detour about the motile prey. (X 750.) 


a, 


a has grown to become a’, which 
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away from the quiet Colpidium ; then, without approaching farther, 
it gave off two branches (Fig. 2, 1 a). These branches continued 
to protrude, encircling the victim, and fusing on the opposite side 
of it. Thus far, the Colpidium was not approached closer than 
two micra by the branches of the engulfing pseudopod. Hence, 
the pseudopods were thrown subtly, but not intimately, around the 
prey. Immediately after the fusion of the pseudopods beyond 
the prey they spread in such a way as to form a hollow sphere 
or vacuole containing the Colpidium on the inside (Fig. 2, 2). 
The vacuole then contracted around the prey, which in the mean- 
time became stimulated to exhibit frantic efforts, apparently for 
the purpose of escape. These efforts were kept up for a period 
of at least five minutes before the imprisoned animal finally be- 
came quiet again. The vacuole containing the prey was eventually 
incorporated into the body and grew smaller as digestion pro- 
ceeded, and disappeared completely when the indigestible particles 
were finally ejected through the cell membrane of Actinophrys. 


A. Ciliates. 


Colpidium.—Ten experiments with Colpidia reveal the fact that 
forty individuals (50 per cent) took in one or more Colpidia. 
Thirty-seven and seven tenths per cent. engulfed one Colpidium 
each. Twelve per cent. took in two specimens each; while only 
three tenths per cent. engulfed three each. Apparently, the 
reason why there was such a small per cent. taking in as high as 
three each lies in the fact that Colpidium is relatively too large 
to be engulfed in larger numbers by Actinophrys within two hours. 
Loxocephalus granulosus—Loxocephalus is taken in very 
readily and in relatively large numbers by Actinophrys. In the 
experiments with the above mentioned ciliate only thirty-six (40 
per cent) of the Heliozoans failed to ingest one or more. Thirty 
per cent. of the individuals engulfed one ciliate each. Two each 
were taken in by twenty per cent., while ten per cent. were ob- 
served to have three vacuoles containing one Loxocephalus each. 
The type of pseudopod used in taking in this organism was ob- 
served to be practically identical with the type described under 
reactions to Colpidium. 
Stylonychia mytilus——This ciliate is much larger and stronger 
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than Actinophrys. Some of the cilia have been modified to form 
bristle-like cirri which may be used as organs of offence, or de- 
fence. Hence, it is hardly possible for Actinophrys to capture 
such an organism single-handed, and so far as known no one has 
ever observed such. I have seen four different cases where in- 
dividual Stylonychia were engulfed by a group of Actinophrys. 
These groups in two cases were assembled after one Actinophrys 
sol had tried to capture and ingest the larger and stronger animal. 
In the other two cases the groups had been previously formed. 
In no case was a Stylonychia taken in by a group of less than four 
individuals. The group action here, if it may be called group 
action, differs in at least one respect from the association of in- 
dividuals described by Kepner (’25). In the case he ‘reported, 
three individuals united to take in a motionless desmid, and the 
pseudopods of the former embraced the latter closely. In the 
case of a group taking in a Stylonychia the pseudopods presented 
the phenomenon of the loose, or subtle embrace described under 
reactions to Colpidinm. 

Other Ciliates—Ten experiments were carried out with Fron- 
tonia lucas, Nassula ornata, and Spirostomum ambiguum respec- 
tively. Some of the experiments in each case were kept under 
observation for five days. However, in no case were any of the 
above-mentioned ciliates engulfed by Actinophrys; while Colpidia 
and Chilomonads, which happened to be among these ciliates, were 
all engulfed sooner or later. This certainly indicated a definite 
discrimination in regard to the type of ciliate taken in. On what 
is this discrimination based? Whatever the basis, it is hard to 
believe that either Frontonia, Nassula or Spyrostomum would 
be more difficult, from a mere physical standpoint, to capture and 
engulf than Stylonychia, 


B. Reactions to Flagellates. 


Chilomonas paramecium.—Reactions to this flagellate were prac- 
tically the same as described under reaction to the ciliate, Col- 
pidium. Forty-one individuals (51 per cent.) of Actinophrys sol 
did not engulf Chilomonas. Of the remaining forty-nine per cent. 
forty per cent. engulfed one each. Six per cent. took in four each. 

Peranema trichophorum.—Peranema proved to be engulfed 
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very readily by Actinophrys. Only twenty-five individuals (42 
per cent.) failed to take in this flagellate. Thirty-five per cent. 
engulfed one per individual. Nineteen and one tenth per cent. 
took in two each, and three per cent. three each. In no case were 
as many as four |Peranema engulfed by an individual. The com- 
plete process-of capture and ingestion was observed in eleven 
cases. In each the subtle embrace was employed. 

Euglena viridis—Euglena viridis was taken more readily than 
any other food material. Thirty-five individuals (58.4 per cent.) 
of the Heliozoan ingested one each. Ten per cent. took in two 
‘each, and one per cent. three each. 

Euglena, as a rule, was embraced more closely than either of 
the other moving animate objects. I have not been able to ob- 
serve definitely why this was the case. However, this deviation 
from the usual procedure in ingestion of moving animate objects 
probably has some connection with the fact that Euglena was often 
brought in contact through a reaction with the body proper of 
Actinophrys before a food-getting pseudopod was sent out. This 
contact with the body proper was brought about by a sudden jump 
of Euglena in the direction of the body proper ‘of Actinophrys 
while reacting to a contact with the rays. The exact reason for 
this sudden jump on the part of Euglena has not been determined, 
though it has been suggested that the long flagellum of Euglena 
became attached to the body of Actinophrys, probably, by a 
mucilaginous property of the latter. Then in an effort.to free 
itself, the Euglena pulled itself into contact with the body of Ac- 
tinophrys to which the end of its flagella was fixed. Thus the body 
of the flagellate became fastened by the same property. If this 
be true, the food-getting pseudopod which arises from the outer 
region of the Heliozoan’s body, would quite probably adhere 
closely to the flagellate’s body as it encircled it. Should, however, 
the Englena begin to squirm, the cup of the pseudopod would 
open up to form a larger cavity around the victim. Thus in case 
the Euglena began to struggle, what was started as a close em- 
brace was forthwith transformed into a subtle embrace. 






D. Reactions to Rotifers. 


Only individuals belonging to one or two of the small species 


of Rotifers were taken in by Actinophrys. Rotifers are the only 
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multicellular animals which were observed to be captured and 
ingested by the Heliozoan. Here, as with Stylonichia, a group of 
less than four was not strong enough to capture a Rotifer. I was 
fortunate to see the complete struggle involved in the capture and 
ingestion of five specimens by five different groups of Actinophrys. 
Here, as in the case of the capture and taking in of Stylonychia, 
some of the groups were formed after a single individual had 
become attached to the prey (Fig. 3). In the formation of two 
of these groups individuals which were entirely out of the low 
power field of the microscope joined the fray, fusing with their 
comrades which were already involved. In one of the above men- 
tioned cases four individuals were not in the field when the Rotifer 
was encountered by an Actinophrys which was in the field. In 
the other case, likewise, three were outside of the field of vision. 
In these cases the rays of the individuals which came into the field 
of the microscope to join in the feast were not adjacent with the 
rays of those already involved. This seemed to indicate that there 
must be some way of sending out a call for assistance when the 
object was too large and pugnacious to be conquered and swal- 
lowed by one individual. The reason that it cannot be said defi- 
nitely that this is the case is because the outsiders might be drawn 
in by currents set up in the medium by the floundering of the at- 
tacked prey. The fact that a number of Actinophrys sol fused to 
form an aggregate when brought together by agitating the sur- 
rounding medium with a glass filament, strengthens the above 
mentioned idea. Whatever may be the cause of the formation of 
temporary colonies, the phenomenon is, at least, of interest. By 
virtue of this fact, it becomes easier to conceive of how multi- 
cellular animals may have arisen by the association and coOperation 
of individual cells. Be this as it may, the formation of multiple 
individuals by Actinophrys sol makes possible the capture and 
ingestion of larger objects of prey. This is essentially in agree- 
ment with Distaso’s (’08) observations on A. sol. Apparently this 
temporary colony formation also serves a protective role. It is 
probably of interest to note that an animal so low in the scale of 
organic life exhibits the phenomenon of coOdperation in the funda- 
mental activities of its life. 


By comparing the results of the experiments carried out with 





FOOD REACTIONS OF ACTINOPHRYS SOL. 


Fic. 3. A. Five Actinophrys sols later to be involved in the capture and 
ingestion of a rotifer. Specimens 4 and 5 already show advanced co- 
operation, a. Specimens 3 and 4 show the inception of codperation through 
the fusion of two of their slender rays, b. Specimens 2 and 3 are also in- 
volved in the codperation through ite fusion of two rays at c. Specimen 
I is yet independent. 

B. Same group showing progress made within two hours. Complete in- 
gestion has been accomplished and some digestion has ensued. 1’, 2’, 3’, 4’, 
and 5’ shows the position taken by 1, 2, 3, 4, and 5, respectively, of Fig. 3 A. 
(X 260.) 
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Fic. 4. Sketches illustrating the fusion, also, the cooperation of two 
Actinophrys sols in the capture and ingestion of a Colpidium. 


1. Pseudopodial fusion in the union of the two individuals. 


2. Codperation of the same two individuals in ingestion of Colpidium by 
one individual, 4, sending out a and individual B sending out b to form in 
common one large food-engulfing pseudopod. 


3. Same specimens one and one half hour later. Prey engulfed by fusion 
of pseudopods a and b about it. (x 325.) 
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the various types of objects it may easily be seen that Actinophrys 
sol feeds chiefly on the smaller ciliates and on the flagellates. The 
experiments with moving animate objects show that certain of 
these objects are eaten more readily and in greater numbers than 
are others. Difference in the size and vigor of the different food 
objects, no doubt, plays an important role in causing this dis- 
crimination. However, it is not probable that difference in size 
and vigor alone is the only factor causing the discrimination noted. 
The experiments with moving animate objects also show that 
such objects are not embraced intimately by the food-getting 
pseudopods of Actinophrys sol; but on the contrary, the moving 
animate objects, as a rule, are loosely or subtly embraced by the 
food-getting pseudopods. 


SUMMARY. 


1. Actinophrys sol is essentially omnivorous. 

2. Certain inanimate objects are ingested more often than 
others. Some inanimate objects apparently are not ingested at all. 

3. Motionless animate objects are accepted, but not in appre- 
ciably greater numbers than inanimate objects. 

4. Many free-swimming ciliates and flagellates are readily eaten, 
but certain ciliates apparently are not taken. 

5. A degree of selection or discrimination was exercised be- 
tween different food objects in every class of materials used. 

6. Large objects of prey may be taken in by temporary colonies 
of Actinophrys sol which are formed for the purpose of taking in 
such objects. 


7. As a rule, motionless animate objects and inanimate objects 
/ ) 

are closely embraced by the ingesting pseudopod; objects which 
struggle while being ingested are subtly embraced. 
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THE HONEY-GATHERING HABITS OF POLISTES 
WASPS. 


PHIL RAU, 


Kirkwoop, Mo. 


Wheeler, in his valuable paper on “ Vestigial Instincts in In- 


sects and Other Animals,” * gives a résumé of what is known as 
the honey-gathering propensities of wasps, principally those of 
the tropics. He also records his own discovery on November 3 


of a nest of Polistes metrica in New York City, hanging from the 
eaves of a boathouse. This nest of a few dozen cells had four 
females, inactive from the cold, clinging to the comb,.and six cells 
contained half-grown, much contracted but still living pupe. 
There were small drops of colorless liquid in many of the other 
cells, and one of them was half full of this substance, which 
tasted like and proved to be honey of an agreeable flavor. These 
drops, he tells us, hung suspended in the angles of the cells, but 
were without any definite arrangement, and varied much in size. 
“This honey must have been collected some weeks previously 
from the autumn flowers and stored, now that nectar and insect 
food were no longer to be had, for the purpose of bringing the 
few remaining larve to maturity. The belated brood undoubtedly 
accounted for the presence of the female insects at so late a date.” 

Wheeler assembles the details of the observations on honey- 
storing by tropical wasps made by Lepeletier, Rouget, Marchal 
and others, and then goes on to show that in the northern species 
this habit of honey-storing is a vestigial instinct, and is called into 
play only when the insect is facing unusual conditions. To use 
his exact words: “ The great quantities of honey collected by the 
tropical wasps are, of course, stores of provisions for the winter, 
for, as the von Iherings have shown, many of the species, unlike 
the northern Polistes, do not abandon their nests on the approach 
of the unfavorable season and start new ones in the spring, but 
continue to add to their combs and keep on raising their brood 


* Am. Journ. Psychol., 19: 1-13. 1908. 
33 503 
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throughout the year. The naturalists are unquestionably right in 
deriving the conditions seen in our northern Polistes from those of 
the tropical species. There can be no doubt that Polistes has ex- 
tended **s range into North America and Europe since the close 
of the glacial epoch. The storing of honey for the winter has 
been discontinued, and the life of the species has been saved by a 
new set of adaptations involving the abandonment of the nest, the 
temporary suspension of the breeding instincts, and the hiberna- 
tion of a small number of fertilized females. The drops of honey 
occasionally stored in the nests are all that remains to point to a 
once very important means of tiding over the flowerless season and 
preserving the life of the individual colony. Rouget, Brongniart 
and myself have observed this vestigial instinct only in the autumn, 
and this would seem to be the most likely time for the feeble dis- 
play of the old habit. 

“Not only has the honey-storing instinct of our northern 
Polistes been reduced to a feeble and useless vestige by the adapta- 
tion of this insect to life in a temperate zone, but the nest-building 
instincts, when compared with those of the allied tropical wasps, 
show unmistakable signs of similar degeneration.” 

This interpretation was to me highly fascinating, for I too had 
occasionally seen similar drops of this clear, honey-like substance 
attached to the walls of the cells of Polistes pallipes. Other things 
crowded out further investigation of this point until early in 1920, 
when the above-mentioned paper fell into my hands, and I decided 
to look fully into the matter, with the following results. 


Fic. 1. A cross section of a nest of Polistes pallipes, showing globules of 
honey in the cells. (Exact size.) 


Investigation No. 1—On June 16, 1920, twelve nests of 
Polistes pallipes were found in the old buildings at Wickes, Mo., 


and one nest was far in among the branches of a closely foliated 
cedar tree. None of these cells had workers, but each nest was 
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presided over by the queen. A close examination was made of 
each nest, and the twelve in the buildings showed no evidence of 
having drops of this jelloid substance in their cells. The one nest 
out in the cedar tree, however, gave positive evidence. This was 
a nest of fourteen cells, with the four central ones filled with half- 
grown larve; these cells contained none of the jelloid material, 
but the ten surrounding cells each contained an egg and from one 
to three drops of this material glued to the angle of the cell. Some 
of the globules were quite large. An idea of the relative size 
when the terms large and small are used may be gained from Fig. 
1, which illustrates the globules, exact size. The substance had a 
decidedly sweetish taste. This was an absolutely newly made 
nest ; there was consequently no possibility that this material could 
have been left over from the preceding year in an old nest. The 
twelve nests which gave negative results also contained eggs, so 
of the thirteen mothers which worked in this neighborhood, only 
one provided this material for her young. 

Investigation No. 2.—The one nest containing the globules in 
the previous study was taken; the other twelve were undisturbed, 
with the idea of studying them later. By mid-summer (July 21), 
the workers had matured and covered the nests, so that observa- 
tions from day to day were impossible on account of their inac- 
cessibility, the ferocity of the occupants and the poor light. With 
so important a problem, I could do nothing but knock the nests 
down with a stick, and after the infuriated wasps had flown back 
to the place where the nest had been, harvest my booty. 

In this study, thirteen nests were taken and carefully examined ; 
ten of these were nests of Polistes pallipes, one was P. variatus 
and two were P. annularis. Every nest except one of this lot gave 
evidence more or less abundant to show that all of these three 
species store drops of this “ honey ” in their cells containing eggs 
or very tiny larve. Throughout this study I have never found 
these drops in cells containing larve more than a few days old. 
The data herewith give the details for the thirteen nests, all taken 
on July 21, 1920. 

In the foregoing table, the first ten nests were P. pallipes, “k”’ 
was P. variatus, and “1” and “m” were P. annularis. These 
few nests show that all three species follow this habit of supplying 
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Cells | Cells | Cells | Cells | Cells | Total 
Only , Cont. | Cont. | Cont. | Cont. | Cellsin Remarks. 
Begun.| Eggs.* | Honey.| Larve.| Pupe. | Nest. 


12 — —- 12 

30 _ 7 37 

15 10 31 | From 1 to 3 beads of various 
size. Note: much honey 
but no larve. 

30 36 

12 3 ‘ : 22 

24 36 | One to 3 drops of various size. 

26 38 

75 ‘ " 101 | Drops varied in size, number 
and consistency. 

36 ‘ 60 

61 78 | From 1 to 4 beads, many of 
them very large. 

20 44 | From 1 to 3 globules of var- 
ious size. 

22 13 39 

38 I 23 41 102 


13 401 234 91 138 636 





* This signifies eggs or newly hatched larve less than a day old. 


their young with this honey, but of course from such limited data 
we can have no idea whether any one species is more constant in 
this habit or furnishes more profuse supplies. The totals show at 
a glance how common is the occurrence of this food in the egg- 
cells of wasps even at the middle of the summer season. Out of 
the 407 cells containing, or about to contain an egg, 234 of them or 
almost 58 per cent had globules of this honey-like material. The 
actual occurrence of the honey was probably even more frequent 
than the numbers indicate, for the reason that the first-day larve 
were included with the eggs, and in some cases they had doubt- 
less already devoured their rations before I counted them. 

Investigation No. 3.—In the foregoing experiment, I removed 
and carried home the thirteen nests of Polistes, leaving the adults 
behind. Three days later, on July 24, | returned to the scene to 
see if they had rebuilt the nest, and especially to find if, without 
the stimulus or the aid of the larvae present, they would supply 
these drops of sweet food in the new cells. The details of their 
behavior in rebuilding are given elsewhere, but here I record that 
of the nine colonies which did rebuild (eight of P. pallipes and one 
of P. variatus) each nest had from fourteen to twenty-two cells, 
all very shallow at this stage, but each and every cell contained its 
globule of jelly along with its egg. 
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Investigation No. 4.—Records of two nests taken at Wesco, 
Mo., on August 3, gave the following data. The first was a nest 
of P. variatus, which contained thirty-five cells with eggs, sixteen 
cells with larve and forty-four with pupe, and had about a dozen 
adults on the nest. This large nest gave absolutely no evidence of 
the presence of the honey. The other was a nest of P. pallipes, 
which was in all probability the second one made by this colony, 
since at this late date it had only small, newly-made cells which 
would hardly hold a half-grown larva, and there were no cells large 
enough to have harbored the five adults which were then on the 
nest. These shallow cells, fifty-two in number, gave no evidence 


of having a supply of honey, although about one half of them con- 
tained eggs. 


Investigation No. 5.—Since I had removed all of the accessible 
nests at Wickes, the next scene of operations was at Meramec 
Highlands, west of St. Louis and about thirty miles distant from 
Wickes. These nests were gathered about two weeks later, on 
August 6, 1920. In this collection, fourteen nests (all P. pallipes) 


were knocked from the walls and eaves with long poles and carried 


. Cells | Cells | Cells | Cells | Cells 
Nest. | Just Cont. | Cont. | Cont. | Cont. Remarks. 
Begun.| Eggs. | Honey.| Larve.} Pupe. 


10 35 To All ten new (eggless) cells, and 
| 25 of the 35 cells with eggs 
contained honey. 
23 
10 
II 


20 ‘ All 1o new (eggless) cells, and 
15 of the 20 cells with eggs 
contained globules. 

Again, all 6 empty cells con- 
tained drops of honey. 


Some of the globules im- 
mensely large. 


All new empty cells and all 
cells with eggs supplied. 1 
to 4 drops per cell, some 
very large. 


New nest with no workers. 
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home for examination. The data from these will also be more 
convenient if presented in tabular form. 

In this table we find that out of 377 cells containing or ready for 
an egg, 283, or about 75 per cent. of them, contained drops of this 
honey-like substance. 

The next spring, the following additional experiments were 
made. 

Investigation No. 6.—On this date, April 28, 1921, I found 
forty-two small nests of P. pallipes which had only recently been 
begun by their queens. In only one cell of all these nests did I find 
one drop of this honey suspended in the angle of the cell. This 
one drop is sufficient to show that very early in the nesting season 
the queens sometimes store this substance. At this season the 
queens were not so bellicose, so instead of knocking down the nests, 
at intervals for examination I climbed up to the nests and, with 
the aid of a flash-light, examined the nests and contents in situ. 

Investigation No.7. On May 13, twenty-nine nests, with the 
number of cells varying from ten to eighteen, were minutely ex- 
amined, and fourteen were found to contain drops of honey. Nest 
No. 1, with thirteen cells each containing an egg, had a drop in 
each of two cells. One cannot say that this had been placed there 
for the young about to hatch, for these two cells were adjacent 
and were at the margin of the nest, whereas the first eggs to hatch 
are as a rule in the center of the comb; in this case the eggs in the 
two center cells were even then much inflated and ready to gite 
forth their life. Nest No. 56 had ten cells all containing eggs, the 
two central ones large and ready to become larve. It was in pre- 
cisely these cells, that the drops of honey were found. Nest No. 
15 comprised fourteen cells having eleven eggs and three larve 
in the center cells. Two other cells adjacent to these had each a 
drop of honey. The larvz were several days old, and no evidence 
remained in their cells to tell whether or not they had had this food 
in their infancy. The eggs provided with honey were inflated and 
ready to hatch next. Nest No. 22 had ten cells each containing an 
egg; the largest of these, already swollen with its embryo, was 
provided with a drop of honey in its cell. 

Thus we see four nests out of twenty-nine at this early date con- 
taining honey-drops; I suspect that the larva, upon emerging, gets 
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its first meal from this food, and in three of four of the cases ob- 
served on this date this material had been placed in the cells con- 
taining first-laid eggs, the larve from which would be first in need 
of food. However, since only about one-eighth of the nests ex- 
amined contained honey in even a part of their cells, it seems very 
likely that some of the young lack the advantage of this food, or 
at least do not have it waiting for them before their birth. The 
most interesting bit of evidence that this day gave forth, however, 
was the one cell, which on April 28 had contained a drop of honey, 
on this date, May 13, contained a small larva but no honey! The 
period of incubation in this species has elsewhere been found to 
be a little more than two weeks, so it is not surprising if the mother 
cannot estimate exactly the date of the need of food for each of 
her young. 

Investigation No. 8.—The accompanying table summarizes the 
details of the observations on twenty-seven nests on May 27 and 
28, 1921. At this time, when the nests were larger and contained 
more life, I found less of the honey; it occurred in only three of 
the twenty-seven nests, and as usual only in the cells containing 
eggs; out of 142 cells only 13 had drops of honey. It seems at 
first puzzling that a mother would supply this extra provision to 
some cells containing eggs, and not supply it to all, and that if one 
mother is so provident, not all are likewise. All were pallipes. 

I previously formed the hypothesis that all young, when they 
first hatch from the egg, must be fed this material probably pre- 
digested by the mother; that frequently she is on hand at the time 
and administers the dose personally, and that sometimes she gets 
an over supply or gathers it before the young are hatched, in which 
event she relieves herself of it by placing it in the angles of the 
cells containing the eggs which will soon hatch. The following 
notes will to a degree bear out the first part of this hypothesis. 

While restlessly waiting for a belated train at a rural flag- 
station at 10 A.M., I fell to watching a queen which had charge of 
a nest built on the wall of the station shelter. I noted that re- 
peatedly she inserted her head deep into two cells and kept it there 
far out of sight for periods of three to seven minutes. I knew that 
trophallaxis occurs between the larvze and the workers, but this 
queen had crowded her body so deep into the cells as to completely 
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Cells | Cells | Cells | Cells | Cells Total 
Just Cont. | Cont. | Cont. | Cont. Cells Remarks. 
Begun.| Eggs. | Honey.} Larve.| Pupe. r 





— 16 
—_ 16 
— II 
—_ - 13 
7 14 | Honey with all the eggs; none 
with the larve. 
14 
12 
18 
18 
9 
15 
15 
18 
32 | Honey all in egg cells; this 
nest had 3 queens. 


Ise 


aooauwsnst nv © 


— 


b4....} - 12 
15..- : 12 
21 — 8 
17. . 14 
58.. - 

° 13 
20.. - 12 
23. 14 
ee 10 
72... 4 
: 12 
ie - 12 
22.. 14 


27----| — 373 





cover the thorax; this indicated at once that the cell must contain 
only a very small organism, and thus the present process could 
not be trophallaxis. Presently she removed her head from the 
cell from time to time and went about examining three other cells 
which contained eggs; six other cells nearby contained good-sized 
larvae, but these she ignored. Her attention was always centered 
about the two cells whose contents I could not see; whenever she 
left one or the other of these two cells, she would poke her head 
momentarily into each of the three egg-cells and then go back to 


the others. When visiting the egg-cells, she would always vibrate 
the antennz, bring them close together and point them in front of 
her head as she entered, insert the head for an instant and with- 
draw, repeat the process exactly for the other two, and then return 
and creep deep into one of the mysterious cells for several minutes. 
When she withdrew from either of these. she moved her mandibles 
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in a significant manner, but very different from the “ licking-her- 
chops ” manner of the workers after they take the liquid from the 
larve, for in the latter case not only were the mandibles in motion, 
but also the labium, palpi, etc., were actively registering satisfac- 
tion or function. 

The approaching train brought the observations to a sudden 
close. Hastily I pulled out the mother wasp and threw the gleam 
of the flashlight deep into the cells, and lo! in the far corner of 
each lay a tiny larva, hardly larger than an egg! I could solve the 
mystery of her long stops in these two cells only by concluding that 
she was feeding them with the material from her own mouth, since 
I was sure she brought nothing to the cells in her jaws. I 
pondered on the number of times she had poked her head inquir- 
ingly into the three cells containing eggs; then I realized that her 
frequent visits here were probably for the purpose of ascertaining 
if they had yet hatched or were ready for her attention. The 
larve she did not need to mind just now, but the new-born twins 
and the eggs had all her attention. 

My most recent observations have led me to believe that the 
queen does not deposit this honey with the intention of making a 
self-feeder for the larva, so that when the egg hatches the larva 
has only to thrust its head into it and imbibe, but rather that she 
stores it here temporarily where it will soon be needed and where 
she can easily administer it to the waspling as soon as it is ready. 
The ground for this conclusion is the fact that these drops are al- 
most always placed far below the egg in the cell, or on the opposite 
wall, so that it is quite impossible for the new-born larvz to reach 
them. I have seen dozens of young larve in early spring nests 
which had been brought into the laboratory, die with large drops of 
honey before their very eyes but out of their reach; since the tail 
of the larva is glued to the wall, its progression to the drop is im- 
possible. In contrast to this, I have seen a few larve survive on 
this substance when it was artificially placed near their mouths. I 
have also fed them on that taken from other cells; they ate it 
readily when served to them on a pin-head. I have also assisted 
larve to get this food by pressing the opposite wall of the cell 
toward them, bringing the drops nearer to their mouths ; and in the 
past two years I have actually seen two cells in which the drops of 
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honey were placed very near to the larve, and they were stretching 
down and actually imbibing the substance. 

The above instances indicate that the newly-hatched larva gets 
its first meal from the mouth of its mother. This of course can 
be independent of the storing of the honey as we find it in some 
cells, but it might point very definitely to the origin of this habit. 
How logical it seems for all the mothers to feed their new-born 
young upon predigested food from their own crops, and how pos- 
sible it could be for the crops to be filled too full or filled too soon. 
In that event the next logical step would be for the mother to dis- 
pose of this surplus by placing it in the cells where she would 
normally get rid of it at an early date. While one does not wish 
to speculate too far, one can also see the possibility of another 
pretty adaptation, in that mothers with only a few offspring at 
that stage can feed the delicate food to them personally, but when 
the young are too numerous and the mother’s attention must be 
divided, food may be supplied to them in advance—a habit well 
known among the solitary wasps. To go further, how possible it 


is for a social species to show vestiges of a habit of the solitary 
species,’ i.c., to supply the egg with food in sufficient amount to 
carry it to maturity. 


Investigation No. 9.—On June 21, 1921, I examined the con- 
tents of 20 nests of P. pallipes. The egg-laying was over for the 
time being. It seems that the queen of this species spends her time 
at this season in caring for the young, and not in adding new cells 
and depositing more eggs. It was then thought that perhaps the 
building activities would be resumed after the workers emerged. 
Only six of ‘the twenty nests contained a very few eggs; hence 
one would expect proportionately fewer drops of honey in the 
cells. That is precisely the condition that I did find; in all of the 
twenty nests examined, only one was found containing one drop 
of this material; this was in an empty cell of a nest which con- 
tained five cells with larva, one with an egg, and five empty cells. 

Investigation No. 10.—This paragraph relates merely the acci- 
dental discovery of honey in a nest of P. variatus. This nest was 
in an inverted, rusty teakettle in a city dump-lot. My attention 
was attracted to it by seeing the mother enter through a crack near 


1 Bouvier (‘“‘ Psychic Life of Insects,” p. 335) says that the social insects 
have developed from solitary ancestors. 
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the bottom, where she was obliged to alight and creep under the 
vessel. By carefully lifting the whole outfit I could observe the 
contents. The nest was a strong one of about twenty cells with 
eggs and larve. Here P. variatus had again demonstrated her 
fondness for low situations by building her nest in this unusual 
site near the earth. 

On the morning of May 17, I surprised the mother by lifting 
up the old teakettle to the level of my eye for examination. She 
was for a time too much bewildered to move—and the sight that 
met my eyes affected me likewise, so it was some time before I 
recovered myself to set it down again. Each one of the eight cells 
containing eggs had also a large globule of this shining, trans- 
parent liquid, so large that it half filled the cell. The next morn- 
ing, upon similar examination, I found the globules much reduced 
in size and more viscous in nature. The mother was then on the 
nest, where I had evidently caught her in the act of bringing in 
more of it, for in her jaws was a large, shining globule, surpris- 
ingly clear at this stage. Three days later these large, watery 
globules were still present. The mother was again on the nest, 
but this time she was chewing a yellow ball of caterpillar meat. 
This was undoubtedly her own food, since I could see no larve in 
the cells to which she could feed it. Thus the evidence indicates 
that from the very first, P. variatus stores a sugary liquid, which 
with evaporation condenses into a jelly-like substance; that she 
adds to the store from time to time, and eventually the residue is 
in the form of sticky balls or drops. It is interesting also that for 
her own food the queen sometimes catches caterpillars and brings 
them home to her nest to devour them, as a variation from her 
nectar diet. 

Two weeks later these cells were again seen to contain large 
globules of liquid, like huge, yellow dew-drops. The eggs had all 
hatched; the larve were still tiny. This set me to wondering 
whether, in a large, dry field where there was no possibility of 
getting water, the mother did not gather drops of dew each morn- 
ing and store her supply of drink for the day. The next day I 
was greatly disturbed to find that the ubiquitous small boys, who 
had been spying on my strange behavior in the dump-lot, had dis- 
covered the quaint nest and destroyed it. 
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Investigation No. 11.—At the end of May, 1921, only a few 
small drops of honey were found in a large number of nests, to 
be exact, only three in twenty-seven nests. In May, 1922, ex- 
tensive examinations showed that this year the honey content was 
so abundant as to be very conspicuous in a large proportion of the 
nests; twenty-five of the thirty nests each contained the drops in 
many cells, and larger than usual in size. These were only in the 
egg cells and the new cells; none were in the cells with larve. 
Just in what way this year afforded conditions which produced this 
excess, | can only surmise. It does seem probable that the abun- 
dance of flowers or the climatic conditions would be factors in- 


fluencing the supply. On cold, rainy days the queen seldom leaves 
the nest. 


Glancing at the data as a whole one sees at once that this honey- 
storing habit is much more common in these three species of 
Polistes than was generally thought to be the case. Furthermore, 
it is probably not a local condition, since the collections from two 
places thirty miles apart showed this characteristic about equally 


well established. 

Early in the course of this investigation I thought that this sub- 
stance was the product of the large larve. I had observed the 
workers gathering the saliva-like secretion in large amounts from 
the mouths of the larva, and knew that the adult wasps seemed 
to regard this as a delicacy and enjoyed it as food. So, since the 
color was similar, | suspected that the worker, after the material 
had perhaps undergone some chemical change in their gullets, 
would place it in the cells, so that the new-born waspling would 
find a supply of the most delicate food for its first meal. 

Soon the evidence from the observations began to militate 
against this theory. The results of the third group of observa- 
tions left my belief well-nigh untenable, since the groups of adults 
whose nests were taken away built clusters of new cells at once, 
and within three days had the majority of these tiny cells well 
supplied with this substance. This was done after all their own 
large larve had been carried away. Of course the possibility re- 
mains that the adult workers, of which there were plenty at that 
time, might already have had their crops or gullets full of this, 
gathered from the nestlings when the catastrophe came, and 
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that they retained this until they could deposit it in the new cells, 
but this supposition seems far-fetched. Also in Investigation No. 
2, nest “d,” we find a nest entirely without larvz, yet twenty-five 
of the thirty cells of the egg stage contained honey. Surely the 
workers would not venture to go to other nests and rob the larve 
of their salivary secretion; moreover the queens had been stor- 
ing it at a time when there were no larve from which they could 
gather it. In consideration of these points I felt compelled to 
doubt or even abandon the idea, and turn to the hypothesis that 
these drops are vegetable matter, gathered from the flowers and 
fed to the tiny larva or stored in the cells awaiting its use, like the 
honey stores of other Hymenoptera. It is unfortunate that we 
must thus abstractly speculate—that no one has yet actually ob- 
served the wasps collecting, making or storing this material, so 
that we may know with certainty just how it is done and may fig- 
ure out the relation of the habit to the life or even to the history 
of the insect. Here, however, I can only continue to give the 
evidence derived from the foregoing data, in the hope that it may 
pave the way to conclusive observations in the near future. 

In several of the nests observed, especially the new nests de- 
scribed in the third lot, we have in all probability a very definite 
clue to the nature of the material in these drops. In all nine nests 
in the third lot, which we knew to be very new, and in other nests 
where there was evidence that the cells had been made and stored 
very recently, the globules were exceptionally large and of very 
watery consistency. This gave rise to the idea that the material 
is probably similar to that gathered by bees and that it must like- 
wise be subjected to evaporation, as is the nectar in the bee-hive, 
after which it retains the form of little, firm beads. In the large 
nests the comparative age or the chronological order of the cells 
could not be definitely determined, but one small, new nest lent its 
evidence to this theory. The three central cells each contained a 
drop, one of them condensed and bead-like, the two others in an 
intermediate condition. The last cell, a new and incomplete one, 
contained a huge drop of very watery substance. I placed the 
entire nest in a tiny tin box to take it home for study, but the 
large drop was scattered or absorbed by the paper walls en route. 
This little nest seemed thus to show the natural evolution of a 
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drop of this gelatinous material, from big, watery sweetish drops 
in the newest cell to smaller, waxy beads in the older cells. 

Thus the material from distinct localities shows that this honey 
is used much more generally than investigators have heretofore 
suspected. Furthermore, it is present not only at the end of the 
season, provided to tide over some tardy larve, but at all times 
throughout the season, less frequently during the spring when 
the queen alone tends the nest, and most frequently and in greater 
abundance toward the end of the summer. Whether this greater 
abundance in August is due to a larger supply of flowering plants, 
or possibly to the greater leisure and number of the workers, or 
whether they actually gather this material to feed certain larve in 
order to develop queens, remains for further investigation to de- 
termine. The frequent lack of this food in the earliest cells of 
the season might point toward this latter suggestion. 

In concluding one would say of Wheeler’s theory, that the 
honey-gathering habit in Polistes is a vestigial instinct which is 
called into play to carry over tardy larve, can hardly apply to P. 
pallipes, P. annularis and P. variatus, since in these species the 
drops of honey are to be found at times throughout the season. 
The evidence seems to show that this instinct is not vestigial but 
functional, and is probably necessary for the survival of the young. 

The watery consistency of the drops might give a clue to a 
solution of the evolution of the habit. We know Polistes are 
heavy drinkers, and probably they give water to the young, as do 
honey-bees. It might happen that for convenience this water was 
disgorged on the walls of the cells; by and by a portion of nectar 
from their throats was accidentally added, and then with evapora- 
tion there remained but a smali, transparent globule. 

Sharp says,’ in speaking of the habits of social wasps; “ 
the eggs soon hatch and produce larve that grow rapidly; the 
labors of the queen wasp are chiefly directed to feeding the young. 
At first she supplies them with saccharine matter, which she pro- 
cures from flowers or fruits, but soon gives them a stronger diet 
of insect meat. .. . The hornet is particularly fond of the honey- 
bee.” Unfortunately Sharp does not give us the specific name of 
the wasp upon which he bases this statement, but that this is based 


1“ Insects,” Pt. IL, p. 84. [Italics are mine.] 
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careful observations on some species and not upon mere theory 
is corroborated by my notes on Polistes. 

To theorize upon the phylogenetic position of this habit is a small 
task, and evidently can be substantiated by direct observation. 
It seems probable that the flower-loving insects evolved from non- 
flower-frequenting species about the time of the appearance of 
flower-bearing vegetation. The flower-visiting Aculeates, the bees, 
were pollen- and nectar-gatherers. If we assume that the bees and 
wasps had, ’way back in prehistoric «.e, the same ancestry, we 
can gather that, phylogenetically spean...g, honey-gathering is an 
older trait in Aculeates than insect-gathering. 

Here we have wasps that gather nectar for their own food and 
honey for their young, and super-imposed upon these traits we 
have the newer habit of insect gathering for the young. This 
honey-gathering is not a recent addition to their feeding instincts, 
but a vestige which proves their ancestry from the bees.* 

A step further was made when probably certain bee-like, honey- 
feeding Aculeates back in geologic time, from scarcity of flower 
food or drought, or through pure “ change of mind” or by acci- 
dent, began to prey upon other insects that sought the same 
flowers, for their own fool or for food for the young in their 
nests. Sharp tells us that the hornet is particularly fond of honey- 
bees, which suggests the thought to my mind that the change in 
habit from the use of flower products to meat may not have been 
so wide and abrupt as the lines would indicate. It seems so easily 
possible for certain ones to get a little additional food by licking 
one another’s faces and mouths, just as we see Polistes rubiginosus 
doing today ; * in time of scarcity of food this habit might easily be 
exaggerated even to the point of robbery or squeezing out the 
sweet liquid from the honey-crops, as Fabre describes in the 
modern behavior of Philanthus. From this stage it would indeed 
be a poor Aculeate that would not eventually learn to abbreviate 


1] am aware that the opposite view is generally held, for Wheeler 
(Scientific Monthly, 15: 68-69, 1922) says: “ The structure and behavior of 
the Sphecoids and Vespoids show that they must have arisen from what 
have been called Parasitic Hymenoptera, and the structure of ants and bees 
shows that they in turn must have arisen from the primitive Sphecoids or 
Vespoids.” 

2 Paper soon to be published. 
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the work by making a perforation in the body wall to reach the 
nectar crop directly (just as Robertson describes for Odynerus 
foraminatus that bites an opening into the base of the flowers of 
Pentstemon levigatus)* for the same purpose, or to carry home 
an entire insect, making it serve as a vessel to hold the honey, with- 
out any further trouble. This puncturing of the living honey-pot 
would lead to a taste for animal juices which we know now exists 
in certain Pompilids. Even if the habit of carrying this prey 
home had not by this time been acquired, it would be but a step to 
learn to carry it to their young after they had learned to enjoy it 
themselves. 

An additional bit of evidence to indicate that the nectivorous 
habit probably antedates the carnivorous habit in these insects is 
that, as Sharp tells us and as we have seen in the observations just 


recorded, the mother feeds to the new-born young first a nectar 
compound and later, animal food. If we accept the principle that 
ontogeny recapitulates phylogeny, it is easy to find significance in 


the fact that the immature organism passes through the nectar- 
feeding stage before it arrives at the carnivorous stage. Among 
the surviving descendants of the primitive flower-loving Aculeates, 
some have digressed to the extent of finally evolving into carnivor- 
ous creatures with certain feeding traits that are vegetative. 

In my opinion, the honey as | found it was merely stored honey 
that had been carried in the crop of the queen or the worker for 
the purpose of direct feeding into the mouths of the young, and 
this over supply was deposited for convenience on the cell wall. 
Since these drops are not present at all times in all cells with eggs, 
in the nests of the three species of Polistes, the evidence lends some 
merit to the theory that these drops are stored by law of supply 
and demand: a queen having many young larve to care for must 
needs fill the crops of the young directly from her own gullet and 
has no surplus to store in drops; on the other hand, when the eggs 
hatch at intervals, the mother has sufficient time during the period 
of watchful anticipation to store up a surplus. Another factor in 
regulating the number and size of the drops is the abundance of 

2In order to get the nectar which she could not ordinarily reach, this 
wasp cut a hole in one side of the base of the tube with her sharp jaws and 


inserted her tongue; then she cut a hole in the other side and again inserted 
her tongue. (Trans. Acad. Sci., St. Louis, §: 560, 1891.) 
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flowers, and still another reason for the presence of so much in 
the latter part of the season may be that then the workers are also 
on hand to help bring it in. 

I often wonder if the honey-storing habit in the honey-bee was 
not evolved in the same fashion. Is it not possible that originally 
nectar was gathered and the regurgitated material fed direct to the 
larve; that finally, when workers became abundant in the colony 
and more was brought in than could be consumed, they resorted 
to dumping it into cells without larve, and that this may have been 
the forerunner of the honey-storing habit? A contrasting trend 
of development may be found in the honey-gathering ants, M yr- 
mecocystus horti-deorum, which do not eject this substance, and 
their distended abdomens as they hang to the roof of the honey- 
chamber are the actual store-houses of the honey. 

The reader must bear in mind that the foregoing explanations 
of this phenomenon are only speculative, but I have tried to use 
as much logic as I could instil into the ideas. In this I take refuge 
under the justification of C. H. Eigenmann, when he says: “ The 
imagination is in Biology as elsewhere the guiding spirit. The 
trouble is our imaginations are sometimes too heavily loaded with 
statistics, and at other times they fly without the balancing kite’s 
tail of facts. The Palzontologists have contributed to speculative 
Zoology because their imaginations have been kept alive by bridg- 
ing their numerous gaps, and because they have not been hampered 
by too great a wealth of material.” 
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ENDODERMAL FLAGELLA OF HYDRA OLIGACTIS 
PALLAS. 


PAUL R. BURCH. 


UNIVERSITY OF VIRGINIA. 


The subject of flagella upon the endodermal cells of hydra was 
first opened prior to 1871 by Hatchek, who figured a single taper- 
ing flagellum upon each cell, all of which he considered similar. 
F. E. Schulze (’71), figured a single flagellum to each cell of an 
optical section of a tentacle. Kleinenberg (’72) in transverse 
sections of the living animal observed one or more flagella in con- 
nection with several cells and claimed that the flagella were not 
fixed structures but that they could be protruded and retracted 
again, while at the same time the cells sent out pseudopodial 
processes. T. J. Parker (’80) saw one, two, or three cilia on cell 
after ceil. Because of this observation he drew the inference that 
‘the endoderm was ciliated throughout. K. C. Schneider (’90) 
distinguished at least six types of endodermal cells; but he stated 
that only three of these types bore flagella. The digestive or 
epithelio-muscular cells usually bear two flagella, which project 
into the enteron. The glandular cells bear two or three flagella. 
The sensory cells bear one, two or no flagella. Schneider gave 
us, therefore, the first proper description of the flagellated condi- 
tion of hydra’s endoderm. Hadzi (og) did not carry the knowl- 
edge of the flagellated condition of the endoderm beyond 
Schneider. I have been able to corroborate the work of Schneider 
and to carry his observations a step further by the use of the fol- 
lowing method. . 

Hydra oligactis was macerated by Mundie’s (’26) method. In 
this case a hydra was placed upon a slide and the water drawn off 
until but a film remained covering the polyp. The slide was then 
placed over the mouth of a bottle containing Looper’s fixing fluid 
(made up of equal parts of 95 per cent. alcohol, glacial acetic acid 
and 40 per cent. formalin?). At the end of eight or ten minutes 


1 This method was developed in this laboratory by Dr. J. B. Looper. 
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the polyp was rinsed in one or two drops of water, as much of this 
water as possible drawn off and a drop of Gramm’s iodine solu- 
tion added. The polyp was teased into fragments with needles, 
a drop of 40 per cent. glycerine added and a coverglass applied. 
The fragments were then examined under the oil immerson ob- 
jective. Being in glycerine, the cells could be preserved for a 
relatively long time, a month or more. During this time the 
flagella persisted and the cells did not deteriorate. The tissues 
may even be further treated. For example, if the iodine fades, 
more iodine may be drawn beneath the coverglass. I have also 
carried one per cent eosin-licht gruen (95 per cent. alcoholic) 
solution beneath the coverglass and have, in this manner, stained 
nuclei, food vacuoles, flagella and other details well. In passing 
it may be stated that the use of the licht-gruen solution brings out 
conspicuously the pseudopodia of the epithelio-muscular cells of 
the endoderm. 

The epithelio-muscular cells are columnar. A myoneme runs 
at right angles to the polyp’s axis through their broad bases. The 
distal end bears one or more flagella. There are many food 
vacuoles in epithelio-muscular cells from well-fed specimens. The 
secreting cells of the general endoderm are club shaped with the 
smaller end directed toward the mesoglea. The distal end bears 
one or two flagella. The distal half of the cell is much vacuolated 
and in well-fed specimens these vacuoles contain darkly staining 
material called by Schneider, “ Sekretballen.” The basal end is 
darkly granular and bears no myoneme. The sensory cells are of 
the tall columnar type—almost filamentous. Each contains an 
ellipsoidal nucleus. These cells bear at their bases slender 
nodulated processes similar to those figured by Hadzi, in Table 
Il., Fig. 7 and 8. In this type of cell we encountered a flagellum 
as did Schneider (Fig. 3). 

I now come to the point at which my work goes beyond the 
work of Schneider upon the flagella of hydra. Some of the in- 
vestigators describe the flagella as being tapering protoplasmic 
processes. Schneider shows them to be slender and of uniform 
caliber from base to tip. He does not, however, show a structure 
that is typically found associated with a flagellum, vis., a blepharo- 
plast. All of my preparations show the flagella of epithelio-mus- 
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Fic, 1. Epithelio-muscular cell; bleph., blepharoplast; fi., flagellum; fv., 
food-vacuole; my., myoneme; nuc., nucleus. >< 1000. 


Fic. 2. Secreting cell. 
Fic. 3. Sensory cell; np., nodulated process. 
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cular cells, glandular cells, and sensory cells to be associated with 
a blepharoplast. My Fig. 1 is of an epithelio-muscular cell that 
shows two flagella each extending into the cell’s cytoplasm and 
ending upon a blepharoplast (Fig. 1, bleph). Fig. 2 shows, like- 
wise, that in a secreting cell the flagellum enters the cytoplasm and 
ends upon a blepharoplast. Finally Fig. 3 indicates that the flagel- 


lum of a sensory cell enters the cytoplasm and terminates in a 
blepharoplast. 


SUMMARY. 


The cells of hydra’s endoderm—epithelio-muscular, secreting, 
and sensory—are flagellated. The flagella are typical in that they 


are non-tapering lash-like processes which terminate in blepharo- 
plasts. 
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A NEW HISTOLOGICAL REGION IN HYDRA 
OLIGACTIS PALLAS. 


WM. A. KEPNER ann LULU MILLER, 


UNIVERSITY OF VIRGINIA. 


Three anatomical regions are to be recognized in Hydra: (1) 
the oral end bearing tentacles, peristome and mouth; (2) the 
middle region; and (3) the basal region. In this oral region 
Kepner and Hopkins (’24) described, in detail, the peristomal 
endodermal glands that lie about the mouth. They also demon- 
strated the presence of sphincters at the bases of the tentacles. 
These sphincters operate against pressure from the enteron to- 
wards the tentacles but not in the reverse direction. The histology 
of the middle region has recently been intensively studied by Hadzi 
(’o9). In this region he finds three types of cells presented by 
the endoderm: (1) epitheliomuscular cells, that are capable of in- 
gesting small food-particles; (2) gland-cells, which lay down 
enzymes upon larger masses of food within the enteron; (3) 
(3) sensory cells. Hadzi, in this respect followed closely 
Schneider (90), (02) who had seen that each of these types of 
cells bore one or two flagella. Burch (’28) has carried this one 
step further in demonstrating that the flagella of the three types of 
endodermal cells arise from blepharoplasts. Not sufficient atten- 
tion has been given, as yet, to the peculiar cells that lie laterally 
disposed in the basal region of Hydra. These cells are highly 
vacuolated and larger in calibre than are the endodermal cells of 
the middle region. In addition to these features, the endoderm of 
this region is peculiar because of the absence of gland cells. It is 
not yet clear to us that these cells bear flagella. 

The lateral ectoderm of the basal region of hydra does not dif- 
fer from that of the middle region. The ectoderm of the basal disc, 
however, has long been known to be peculiar. Korotneff (’80) 
wrote “ Die Epithel-Muskelzellen des Fusses unterschieden sich 
von den ubrigen Ectodermzellen. Sie besitzen eine cylindrische 
Form, enthalten eine stark lichtbrechende Fibrille und zeigen in 
ihrem oberen Drittel eine gleichfalls stark lichtbrechende mucose 
Ausscheidung, durch welche die Anheftung des Thieres an fremde 
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Korper bedingt wird ” (s. 165). We have not gotten beyond this 
early interpretation of the histology of the ectoderm of the basal 
disc. 

With reference to the endoderm of this basal disc, however, we 
have something to add. 

It had been noticed in this laboratory for sometime that hydras 
are sometimes found at low levels in aquaria with small gas- 
bubbles attached to the basal discs. Mr. George Dare made a 
careful series of observations upon isolated specimens and found 
that this gas was developed at the basal disc of hydra independent 
of the presence of bacteria or other organisms and of temperature 
changes. We then undertook the histological study of gas- 
elaborating specimens. We were able to make longitudinal sec- 
tions that involved the complete or unbroken wall of the gas- 
bubble. This was done by gently transferring a hydra, that had a 
small bubble at its end in a drop of water to a slide. The slide 
was then placed upon a pinch of salt, that lay upon a block of ice, 
in such manner that the drop containing the hydra lay immediately 
over the salt. This resulted in rapid lowering of the temperature 
of the hydra. When ice crystals began to form about the margin 
of the water in which the hydra lay, it was flooded with Bouin’s 
fluid. Thus the specimen was fixed and sectioned. The sections 
show the wall of the gas-bubble to be fixed to the marginal cells of 
the basal disc (Fig. 1, g), and the general or central cells to be in 
contact with the lumen of the gas-bubble, there being neither 
secretion material, bacteria, nor other substance lying over their 
free ends (Fig. 1, 4). It was thus seen that the wall of the gas- 
bubble is composed of the mucus-like secretion of the basal disc. 
The basal ectoderm is, therefore, concerned with the elaboration of 
both the mucus-like material with which the hydra fixes itself to 
some submerged surface, and with the elaboration of a gas. 

Our chief point of interest, however, lies not in the ectoderm of 
the basal disc but in the endoderm; for here we find a feature that 
has not been described. The endodermal cells of the basal region 
are larger than those of the middle and oral region, and bear great 
vacuoles. They do not ingest food particles (Fig 1, ¢). In this 
respect they again differ from the middle and oral regions’ endo- 
dermal cells. Until recently these cells were supposed to overlie 
the basal disc's ectoderm Indeed Curtis and Guthrie (’27) have 
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illustrated these peculiar cells as lining the fundus of the enteron. 
In our gas-secreting specimens we find that the fundus of the 
enteron is lined with endodermal cells that bear numerous food- 
vacuoles. They are tall, columnar cells having myonemes in their 
bases. They resemble the epitheliomuscular cells of the middle 
region of the body. We have not been able to isolate them for 
maceration methods and cannot, therefore, say that they bear 
flagella. But they so closely resemble the epitheliomuscular cells 
of the middle region that our inference is that they do bear flagella. 
The presence of these cells, therefore, in the fundus of the enteron 
gives us an epithelial region that is like that of the oral and middle 
regions of the body except that there are no gland-cells in this 
basal endoderm. 

The new histological region that we have thus discovered lies in 
the wall of the basal disc. The ectoderm of this region we have 
found to conform to the descriptions of earlier investigations; but 
the endoderm is peculiar in that it is an epithelial disc composed 
of columnar epitheliomuscular cells, that contain food-vacuoles, 
and which presents no gland-cells. 

The presence of this endodermal disc, that is active in food- 
appropriation, is of interest when we ‘keep in mind the dual 
function of the basal disc. The elaboration of gas takes place 
relatively rapidly. The rapid elaboration of gas would, therefore, 
involve rapid metabolism. The basal disc, then, is a region of 
relatively high metabolism. The presence of this food-getting 
endoderm in this region falls in line with the observation of 
Tannreuther (’09) when he says that “ Those endodermal cells of 


the region of growth, ‘ the formation of buds and sexual organs’, 


are the most active in ingesting partly digested food from the 
enteron and preparing it for diffusion into the ectodermal cells ” 
(p. 211). 

The basal disc has, therefore, a peculiar endoderm correlated 
with the dual function of mucus- and gas-elaboration. 

The elaboration of gas is done in order that the specimen may 
be lifted in the water. The gas is discharged into the sac of mucus 
until the bubble formed lifts the animal to the surface of the water. 
As the polyp rises it has its basal end directed up and oral end 
pending. When the bubble encounters the surface film of water, 
its wall ruptures and forms a somewhat circular disc of mucus, 
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that is closely applied to the surface film of the water to form a 
raft by which the polyp hangs (Fig. 2, g). Wave-action will 
destroy this raft and then the specimen will sink. Or the hydra 
may abstrict itself from the raft of mucus and sink. 


SUMMARY. 


We have observed that the basal disc’s ectoderm in hydra not 
only secretes adhesive material, with which the polyp fixes itself 
to some submerged surface, but that it also under certain con- 
ditions elaborates a gas. This gas is caught within the mucus- 
like secretion of the basal disc and retained therein. The bubble, 
thus retained, increases in size until the hydra is lifted to the sur- 
face by it. At the surface of the water the retaining vesicle of 
mucus breaks and spreads as-a_circular raft from which the hydra 
hangs beneath the water’s surface. 

The ectoderm of the basal disc is thus seen to have a double 
function. Associated with this region of the ectoderm of hydra 
there has been found a pecular region of endoderm. The en- 
doderm of this region is characterized by its component cells 
having the appearance of the epithelio-muscular cells of the oral 
two thirds of the body as over against the highly vacuolated 
epitheliomuscular cells of the aboral third of the body. 
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EXPLANATION OF PLATE. 


Fic. 1. Longitudinal, axial section of hydra. a, peristomal gland-cells 
of endoderm; b, gland-cell of middle region’s endoderm; c, epitheliomuscular 
cell of endoderm, bearing two flagella and two food-vacuoles; d, epithelio- 
muscular cell of endoderm ingesting a food particle; ¢, epitheliomuscular 


cells of lateral endoderm of basal region; f, endoderm of basal disc; g, 
mucus-wall of the gas bubble; A, basal disc’s ectoderm that is exposed to 
lumen of gas bubble; i, ovary; &, testes. 

Fic. 2. Basal disc of polyp at surface film of water. s, surface film of 
water; g’g’, circular raft formed by ruptured wall of gas bubble now ap- 
plied to surface-film of water; hh’, ectoderm of basal disc that is now in con- 
tact with air. 
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HISTCLOGICAL FEATURES CORRELATED WITH GAS 
SECRETION IN HYDRA OLIGACTIS PALLAS. 


WM. A. KEPNER anp W. L. THOMAS, JR., 


UNIVERSITY OF VIRGINIA. 


The ectoderm of the basal disc of hydra ordinarily elaborates 
mucus by means of which the polyp adheres to some submerged 
surface. It has recently been observed that this same ectoderm 
may, under certain circumstances, elaborate gas. This-gas is held 
within a sack of mucus (Kepner and Miller, ’28). This fact has 
suggested to us that there may be some interesting histological 
change correlated with the elaboration of gas. Kepner and Miller 
have found, to begin with, that there is a peculiar region in hydra’s 
endoderm in the basal disc. This endoderm supplies the food 
demanded by the metabolism that yields the two products of the 
basal dise’s ectoderm—mucus and gas. 

Their observation concerning this local accumulation of food 
was interesting; for it carried the point, arising out of Tann- 
reuther’s (’09) observation, a step further. Tannreuther’s ob- 
servation was that in the region of a developing gonad or of an 
incipient bud there were local and pronounced accumulations of 
food within the endoderm. Yoder (’26) found that there was a 
marked accumulation of glycogen in these regions of most active 
metabolism. Finally Kepner and Hopkins (’24) observed that 
there was not a wide diffusion of material absorbed by the en- 
doderm. For example, they recorded that “there is no extensive 
diffusion of absorbed chloretone through the tissues of the body. 
A diploblastic animal, therefore, cannot possess anything com- 
parable to a circulatory medium” (p. 448). Our observations 
further strengthen the hypothesis that local ‘needs must be met 
locally. 

The detailed histology of the basal third of a hydra, that had 
not been secreting gas, shows the lateral endodermal cells to be 
stout and highly vacuolated (Fig. 1, ¢). The extent of distribu- 
tion of these lateral cells varies greatly in different specimens and 
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perhaps also in the same specimen at different phases of the 
polyp’s activity. The cells of the endoderm of the basal disc are 
more slender and present a denser cytoplasm than do the cells of 
the above lateral endoderm. They also carry within their cyto- 
plasm food vacuoles (Fig. 1, f). Food-vacuoles are not present 
in the lateral endoderm of the basal part of hydra. The lateral 
ectoderm of the basal third does not in any manner differ from 
that of the general ectoderm of the body. The ectoderm of the 
basal disc, however, presents features that are peculiar to it. In 
the first place, there are no nematocysts in this region, of the outer 
epithelium. These cells, moreover, when actively discharging 
mucus have conspicuous inclusions within their cytoplasmic bodies. 
These may be designated secretion-granules (Fig. 1, mg). These 


Fic. 1. Partly diagrammatic, axial section of base of hydra that had 
been elaborating mucus in order to fix itself to substratum. c, lateral 
endoderm of basal third of body; f, peculiar endoderm that lines the fundus 
of the enteron and contains food-vacuoles ; m, mesoglea; mg, mucus-granules 
arising within the mucus-secreting cells of ectoderm. 650. 


cells extend over the entire basal disc. All attached hydras will 
not show the secretion-granules in the ectodermal cells through- 
out the extent of the basal disc. A specimen that has long been 
attached to the substratum may not yield, when fixed and stained, 
sections that display secretion-granules. Only specimens caught 

at the time they are fixing themselves to a substratum will present 
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these sectetion-granules in sections (Fig. 1, m g). The most 
emphasis must here be placed upon the condition of the mesoglea. 
In a mucus-secreting specimen, the mesoglea of the basal disc 
differs in no manner from that of the body proper. It presents a 
uniform, unbroken contour (Fig. 1, m). All this in no manner 
presents anything new concerning the histology of hydra. 

In the gas-secreting hydra some conspicuous histological fea- 
tures appear that have not been recorded. In the first place, the 
endodernial cells of the basal disc appear to be larger and more 
active in the gas-secreting specimens than in the non-secreting 
ones. Next we find that the ectodermal cells of a wide peripheral 
region of the disc elaborate mucus. These, in other words, d 
not have their usual function changed. The axial cells in the 
basal disc’s ectoderm, however, do have their function altered. 
They no longer present secretion-granules and therefore stain (in 
hazmatoxylin) less than do the peripheral cells of the disc. We 
have now an epithelium the periphery of which elaborates a re- 
taining wal! of mucus, while the axial region secretes gas into the 
mucus to form a buoy or lifting float for the polyp (Fig. 2, mc and 
gc). The most conspicuous feature of the gas-secreting polyp lies 
in the mesoglea’s modification. The mesoglea, in this disc at this 
time, becomes greatly swollen and highly vacuolated as though 
the endoderm had flooded it with a deposit of metabolic substance. 
Within this broken region of the mesoglea there appears, in fixed 
material, a substance that Suggests a coagulated plasma (Fig. 2, 
m’). The presence of this plasma within the mesoglea may signify 
one of two things: (1) It may be that food is being deposited 
there by the endoderm in order to meet the demands of an intense 
metabolism taking place during gas-elaboration, or (2) It may be 
that metabolic substances are being dammed back from the rela- 
tively active axial ectoderm while it is elaborating gas. If the 
first alternative be correct, a plasma, as it were, is thrown down 
locally into the axial mesoglea of the basal disc in order that the 
gas-secreting cells may be abundantly supplied with food during 
the peculiar metabolism involved. If the second alternative be 
correct, it means that the axial ectoderm is throwing metabolic 
wastes into the mesoglea. Ordinarily the ectoderm discharges its 
metabolic wastes externally through a moist mucus when the 
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polyp is fixed, or directly into the water when the polyr lies free. 
When, however, a layer of gas is deposited upon the catside of 
this basal, axial ectoderm the osmotic drainage is blocked. The 
presence of the gas no longer lets the metabolic wastesidrain by 
means of an osmotic exchange through the free ends of ,jhe axial, 
ectodermal cells. Hence metabolic wastes, instead of metabolic 
food, back into the mesoglea to flood it and form the vesicle that 
we have observed. As the elaboration of gas advances the vesicle 
of the mesoglea, together with its included plasma, decrezses until, 
at the time of the gas-buoy’s attaining its maximum size, the 


mesoglea has returned to the condition characteristic of the gen- 
eral mesoglea. 


Fic. 2. Axial section of base of hydra that had been elaborating a gas- 
bubble. ¢, lateral endoderm of basal third of body; f, peculiar endoderm 
that lines fundus of enteron and contains food-vacuoles; gc, gas-secreting 
region of ectoderm; mg, mucus-granules; g, mucus wall of gas-bubble; 
mc, mucus-secreting region of ectoderm; m unbroken, but deeply staining 


region of mesoglea; m’, plasma-like material within distended region of 
basal mesoglea. X 650. 


It matters not which of the above alternatives be the correct 
interpretation, the interesting point may be made that, in the basal 
disc of hydra secreting gas, we have a situation arising that makes 
a peculiar demand upon the passive mesoglea. As a result, the 
mesoglea is sometimes flooded either with metabolic food or with 
metabolic wastes. Thus we have the mesoglea foreshadowing the 
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function of a true circulatory medium such as is found in the 
plasma of the Turbellaria or even in that of the blood and lymph 
of the higher triploblastic animals. 


SUMMARY. 


The basal disc of hydra has a two-foid secretory function: (1) 
It secretes a mucus by means of which the polyp is anchored. 
(2) It secretes gas that is retained within a wall of mucus by 
means of which the polyp is lifted to the surface of the water. 
This cual function of the basal disc places a peculiar metabolic 
demand upon the disc’s endoderm, ectoderm and mesoglea. As 
a resul: of this peculiar metabolism and the conditions arising out 
of gas-secretion, the mesoglea becomes flooded with a plasma and 
thus handles either metabolic food or metabolic wastes in a man- 


ner that foreshadows the plasma of the circulatory media of 
triploblastic animals. 
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INTRODUCTION. 


Although brief references to the light-perceptive organs of 
barnacles are found throughout the literature, no really compre- 


hensive study has been made of them since that by Pouchet and 
Jobert in 1876. The relationships between the “eyes” in the 
larval stages and those in the adult have never been fully worked 
out. Accordingly the object of this investigation has been a study 
of the various light-perceptive organs found in the larval and adult 
barnacles and the determination of their relationships. 

Investigations relating to the light-receptors of barnacles are 
usually found combined either with studies of other structures 
of the barnacle or with studies of the eyes of Crustacea in gen- 
eral. Among the former type Darwin’s “ Monograph of the Cir- 
ripedia ” (1851 and 1854) is outstanding. More recently Gruvel 
(1905) has published a detailed account of the morphology and 
taxonomy of this group. Grenacher (1879), Claus (1891), 
Brooks and Herrick (1892), and Demoll (1917) have studied the 
eyes of Crustacea. General problems in this connection have been 
taken up by Parson (1831), Patten (1886 and 1887), and Mark 
(1887). 

1 The author is indebted to Dr. J. P. Visscher of Western Reserve Uni- 


versity for the suggestion of the problem and for assistance during the 
course of the investigation. 
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MATERIALS AND METHObs. 


The ivory barnacle, Balanus eburneus, and the rock barnacle, 
Balanus balanoides, were us2d in this study. Collections were 
made at Woods Hole, Mass., during the spring and summer of 
1926. Living forms were observed at this time and material was 
preserved for subsequent study. 

Adults of Balanus eburneus brought to the laboratory often con- 
tained Nauplei nearly ready for hatching. Unhatched Nauplei 
were obtained by removing the ovigerous lamellz from these 
adults, and free swimming forms were collected after hatching. 
A few metanauplei and Cyprids were obtained from towings made 
in the vicinity. 

In order to test the actual light-perceptive function of the adult, 
the shell was broken so that the eyes could be exposed. Speci- 
mens with the shell thus broken were tested to make sure that 
the light reaction was unimpaired. The eyes were then removed 
by a hot iieedle. In all cases included in the data, the eye ad- 
hered to the needle and was removed without apparent injury to 
the surrounding tissue. 

Material was fixed in. picro-acetic formol (Bouin’s) or in 10 
per cent. formalin, and was either stained in Ehrlich’s hema- 
toxylin or mounted unstained. Most of the study was done by 
means of sections which were prepared by the ordinary paraffin 
method and cut from 5y to 10m in thickness. Grenacher’s tech- 
nique for the removal of pigment (Lee, 1890) was used on sec- 
tions of the Cyprids. In addition a modification of 'Cajal’s silver 
nitrate technique as developed by Hess (1925) was used in the 
study of the adult eye. 


Tue NAUPLIAN STAGE. 


The formation of the median eye in Cirripedes has never been 
worked out. In Balanus eburneus the eye first appears in the 
unhatched Nauplius as an elongated area of reddish pigment. 
Certain authors, for example Darwin (1851), have believed that 
the nauplian eye might arise from the union of two anlagen but, 
at least in Balanus eburneus, this does not appear to be the case. 
A large number of specimens in which the eye was just forming 
were studied but in all cases it appeared as a single area with no 
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evidence of a double origin. In succeeding stages the pigment 
becomes darker and the eye appears as a bilobed structure. 

The morphology of the nauplian eye of Cirripedes has usually 
been treated incidentally in connection with studies of the com- 
plete animal and consequently its detailed structure is known in 
only a few forms, chiefly among the Lepadze. The pigmented 
area in the anterior region of the Nauplius was noticed by the 
earliest authors but their descriptions mention only the general 
shape of the pigment cup. A fairly complete study of the light 
receptors in the Cirripedia was made by Pouchet and Jobert in 
1876. These authors described the nauplian eye as formed of two 
parts each of which represented a simple eye and was composed 
of a pigmented body with finely granular, rose-colored pigment 
and small oval bodies which stained black with osmic acid and 


Fic. 1. Diagrammatic drawing of the median eye in the cyprid stage 
(longitudinal vertical section. * 500). c.c., cortical cells; c.t., connective 
tissue; n., nerve; p.c., pigmented cells; v.c. visual cells. 


which they thought might be designated as lenses, although the 
analogy was somewhat questionable. The median eye of Crus- 
tacea in general was described by Demoll (1917) as an inverted 
eye composed of two pigment cells forming a cup in which were 
the visual cells which extended proximally in a nerve fibre. These 
visual cells were in the nature of “ Stifchensaume ” and the whole 
eye cup was lined with fine, reflecting scales which formed the 
“tapetum.” <A cellular lens was said to be present in some forms. 

When sections of fully developed Nauplei are studied the 
median eye (Fig. 1) can be seen lying between the so-called 
“cerebral ganglia.” The eye at this period measures about I5m 
in diameter and, due to this small size, an interpretation of its 
structure is very difficult. The central region is composed of 
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heavily pigmented cells which form a bi-concave pigmented cup. 
In each concavity there is a non-pigmented area coated by cells 
with large nuclei, similar to ones which form the cortical area of 
the cerebral ganglia. The non-pigmented area appears to be made 
up of two visual cells surrounded by a small amount of connective 
tissue. Each area sends off a nerve which is probably formed by 
an extension of these visual cells as in the adult. These nerves 
leave the posterior region of the eye and by very short connec- 
tives enter that part of the ganglia which is slightly posterior to 
the eye- 

A lens as described by Claparéde (1863) for Lepas is not 
present in Balanus. The non-pigmented area composed of visual 
cells and connective tissue was probably mistaken for a lens by 
Pouchet and Jobert (1876). This description is not in accord 
with that given for the median eye of other Crustacea by such 
authors as Hesse (1901), and Demoll (1917). The eyes of the 
two Cirripedes studied show ganglion-like visual cells instead of 
the “ Stabchen ” or “ Stiftchensaume ” described by these authors. 
While it is difficult to determine accurately the morphology of the 
median eye at this period, the structure, as described, agrees fully 
with that observed later in development. Hanstrom (1927) in a 
recent article has described a somewhat similar structure in the 
larval eye of Nymphon stromi. Whether the lack of agreement 
concerning the structure is due to error on the part of the fore- 
going authors or whether there is a real difference in the median 
eye of these Cirripedia is a point which has not yet been deter- 
mined. 

In addition to the median eye characteristic of the Nauplius. 
the Metanauplius of Balanus eburneus has a pair of compound 
eyes which are generally known as the cyprid eyes since they are 
the niost noticeable light-perceptive organs of that stage. The 
cyprid eyes in the Metanauplius appear on either side of the 
median eye near the base of each of the first pair of nauplian ap- 
pendages. Their structure at this period is superficially the same 
as in the Cyprid but material was not available for histological 
verification of the appearance. The nauplian eye retains its char- 
acteristic position and appearance during the metanauplian stage. 

In common with the Nauplei of other barnacles those of Balanus 
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eburneus show definite reactions toward light. In a dish contain- 
ing Nauplei these were ordinarily found congregated in the area 
having the greatest illumination. Occasionally a few individuals 
were observed which collected at a point just opposite this bright- 
est spot. The reason for this variation has not been determined 
but it seems to be constant in such specimens and therefore is not 
the same type of reaction as that described by Groom and Loeb 
(1891) in which the same individuals responded differently under 
different conditions. 


Tue Cyprip STAGE. 


The early authors had not observed the Metanauplius stage of 
Cirripedia and so did not always clearly recognize the distinction 
between the median and compound eyes. Burmeister (1834) 
described the median eye as a rounded, black spot which became 
divided and modified to form the ‘paired, compound eyes of the 
Cyprid. This error persisted through several of the later works 
and Darwin (1854) reported Burmeister’s observation although 


he considered it “ scarcely possible that the eye of the larva of the 
first stage can be changed into the double eyes of the second stage.” 
It was not until the two types of eyes were observed present at 
the same time that this misapprehension was fully removed. 

The fate of the compound eyes at metamorphosis into the adult 
has been variously described. Darwin (1851) and Hesse (1874) 
noted that the eyes fell from their capsules during metamorphosis 
while Von Willemoes-Suhm (1876) stated that before meta- 
morphosis the eyes lost their original position and might be seen 
only as black pigment spots which were later absorbed. A similar 
observation has been made by Coar’ in an unpublished study of 
Balanus balanoides and by Hanstrom (1927). The author has 
observed the extruded eyes in slides of Balanus amphitrite col- 
lected by Dr. J. P. Visscher at Beaufort, North Carolina. How- 
ever, the condition in Balanus eburneus seems to be similar to that 
described by Von Willemoes-Suhm and Coar. The two late 
cyprid stages which were observed at metamorphosis showed no 
compound eyes, the region of these being occupied by pigment 
masses which may have been the degenerating eyes. 


The compound eye, as seen in total mounts, has been described 
1 Personal correspondence, 1926. 
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by all authors studying the Cyprid. In such preparations the eye 
appeared as consisting of a black pigment body and eight to ten 
globules or lenses surrounded by a large capsule, and is described 
as such by Darwin (1851), Hesse (1874), and Von Willemoes- 
Suhm (1876). When studied in section the compound eyes of 
Balanus balanoides (Fig. 2) are found to be situated in pockets 
near the bases of the antennules. In contrast to the rather unique 
structure of the median eye, their appearance is very similar to 
that of the compound eyes of other Crustacea. The eight to ten 
lenses described for similar forms by early authors are present 
and represent the same number of visual elements or ommiatidia. 
Each ommatidium contains a cuticular lens surrounded by “ cor- 
neagen cells,” which are reported by Patten (1886 and 1887) to 


Fic. 2. Diagrammatic drawing of the compound eye in the cyprid stage 


(vertical section X 300). c., cornea; c.c. corneagen cells; 1, lens; 1., 
nerve. 


secrete this body, and other cells known as the cells of the crystal- 
line body. The lens or crystalline body is made up of three units 
forming an egg-shaped structure. The proximal portion of the 
ommatidium contains the rhabdomes surrounded by heavily pig- 
mented retinular cells. This region is much shorter in the com- 
pound eyes of Balanus than in most Crustacea. It was not pos- 
sible to study the rhabdome in detail but it appears to be like that 
of other Crustacea, of reticular nature and penetrated by nerve 
fibrils. The retinular cells pass into the optic nerve of the com- 
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pound eye. The ommatidia are surrounded by a common corneal 
sheath. The structure of the compound eye of Balanus eburneus 
appears to be similar, as far as could be determined from a study 
of total mounts. 

In 1851, Bate noted that the pigmented area of the Nauplius was 
represented by a similar region in the Cyprid although he did not 
believe that the area was a light-receptor in either period. Claus 
(1869), in a drawing of an unknown Cyprid, pictured the per- 
sistence of the unpaired eye up to the moment of metamorphosis, 
although the eye is not labelled and it is probable that he did not 
realize the significance of his observation. Pouchet and Jobert 
(1876) recognized and discussed this persistence of the median 
eye through the cyprid stage. 

The median, or nauplian, eye (Fig. 1) persists throughout the 
cyprid period. It has enlarged to five times its former diameter 
(15u-79n) but its structure is the same. The cells with large 
nuclei still coat the non-pigmented areas and because of the 
similarity of these nuclei to those of the regular visual cells, it is 
extremely difficult to determine the exact number of the latter. 
The bi-concave pigmented area is composed of many cells in con- 
trast to the condition reported for Lepas, where only two cells are 
found. In each pigmented area there are two non-pigmented 
zones each containing two visual cells which form a nerve con- 
nection with the cerebral ganglia. These nerve connections have 
elongated while the amount of connective tissue surrounding the 
visual cells has also become greater and the reticular nature of 
part of it is evident in most sections. 

It is difficult to say just what part the compound and median 
eyes play in the light perception of the Cyprid. Probably both 
are functional. Since the median eye is functional in the stages 
preceeding and following this period, as well as after the degen- 
eration of the compound eyes, it is unlikely that it would com- 
pletely lose its function at this time. 


Tue Aputt STAGE. 


Early observers denied the presence of an eye in adult barn- 
acles and indeed the relatively degenerate structure and enclosing 
shell of the adult tended to support this view, as well as the fact 
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that all eye structures were thought to be lost at metamorphosis, 
with the disappearance of the cyprid eyes. The first report on 
the existence of eyes in the adult barnacle was made by Leidy 
(1848) on Balanus rugosus (sp?). In 1854, Darwin substan- 
tiated Leidy’s report by finding eyes present also in the adult of 
Balanus tintinnabulum. A summary of previous studies of the 
barnacle eye was made by Gerstaecker (1866). These were con- 
cerned chiefly with the fact of occurrence or with external ap- 
pearance of the eyes. The most complete study of the barnacle 
eye in the adult was that made by Pouchet and Jobert in 1876. 
There seems to be no published report of the origin of the eyes 
in the adult. Darwin (1854) pointed out that they were not de- 
veloped from the eyes of the Cyprid, since the new eyes were 
formed at some distance from the compound, but thought they 
might have been formed from the nauplian eye since they occupied 
a similar position. Coar' reported that in Balanus balanoides the 
adult eyes were formed by a division of the median or nauplian 
eye, and the author has found that the same situation occurs in 
Balanus eburneus. The eye of the Nauplius, which has persisted 
throughout the cyprid stage, divides into two parts during the 
metamorphosis of the Cyprid into the adult. These, together with 
a part of the mantle which becomes modified around them, form 
the simple, paired eyes of the adult. In animals which have just 
completed metamorphosis the two eyes may be seen completely 
separate although still very close together (i"ig. 3 A). They 
move apart during the succeeding period and, at about the fifth 
day, are in the position which they occupy in the adult (Fig. 3 B). 
The eyes were found to lie in the mantle between the scutum and 
the juncture of the rostrum (rostrum coalesced with rostro-lateral- 
Darwin 1851) and the lateral plates of the shell. Immediately 
around the eye and optic nerve the mantle lacks its usual pig- 
mentation and for this reason the eye appears prominent. The 
part of the eye toward the body of the barnacle is heavily pig- 
mented while the region toward the she!l is without pigment. 
Pouchet and Jobert (1876) described the eye as a rounded 
structure partly covered by pigment and adherent to the surround- 
ing tissue “en arriére.” They believed that this pigment func- 


1 Personal correspondence, 1926. 
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tioned as a choroid coat while the non-pigmented area might pos- 
sibly be called a cornea. When the eye was macerated in Miiller’s 
fluid they noticed the presence of a cell which owing to its volume, 
granular nature, and distinct nucleolus, they felt was undoubtedly 
a nerve cell. The existence of a double optic nerve suggested to 
them the possibility that there were two such cells. However, 
they never observed more than one and were inclined to consider 
the situation analogous to that in the Lepadze where they had 
found a double nerve but always a single nerve cell. The light 
was described as reaching the eye by traversing the tissue which 
united the valves and which contained no pigment in the vicinity 
of the eye. They found that barnacles were sensitive to light, 


A B 
Fic. 3. Diagrammatic drawing showing adult of Balanus eburneus. A, 
immediately after metamorphosis; B, five days after metamorphosis. 


but did not believe that they possessed object vision. No men- 
tion is made of the origin of the adult eye although development 
from the median eye is suggested by the nature of the remarks. 

When sections of the eye of the adult are studied it is seen to 
be composed of two main divisions; an outer covering which is a 
modification of the mantle and an inner part which is developed 
from the divided nauplian eye (Fig. 4). 

The outer covering is composed of irregularly shaped cells 
similar in appearance to those of the mantle. Pigmented cells 
make up about half the area of this coat and are continuous with 
like cells in the mantle, while non-pigmented cells form the rest 
of the covering and are a continuation of similar mantle cells. 

Between this covering and the inner portion of the eye is a 
region of loose collagenous connective tissue fibers which serve 
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to hold the inner region in position as well as to support the outer 
covering. In the living specimen the interstices of these fibers are 
filled with fluid.which helps to maintain the contour of the eye. 
The inner part of the eye is a sphere containing pigmented cells, 
collagenous fibers, reticular fibers, and visual cells with their 
nerves. The pigmented region forms a cap over about half of 
this portion of the eye and lies directly beneath the pigmented 
region of the outer coat. Beneath this, is an area of rather loose 
connective tissue fibers and cells similar to those between the outer 
and inner regions. The rest of the inner eye is composed of 
a reticulum of connective tissue fibres surrounding two large 
ganglion or visual cells. A slight division is observable in this 


Fic. 4. Diagrammatic drawing of the simple eye of the adult (vertical 
section X 20). c.t., connective tissue fibres; i.p.c., inner pigmented cells; 


n., Nerve; oO.np.c., outer non-pigmented cells; 0.p.c., outer pigmented cells; 
r.f., reticular fibers; v.c. visual cells. 


reticulum, indicating the two units of nervous elements. These 
two visual cells send off branches which ramify throughout the 
reticular fibers. Each cell also gives off a nerve fiber which is 
surrounded by a sheath. These fibers, with their individual 
sheaths, become united as a double nerve enclosed within a com- 
mon connective tissue coat before passing through the outer cov- 


ering and continuing to the supracesophageal ganglion as the optic 
nerve. 


The enlargement of the nerve just prior to its entrance into 
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the pigment mass, as described by Gruvel (1905), is not apparent 
in the sections and it seems probable that he has included the non- 
pigmented region of the outer coat as a part’of the nerve. Since 
his work did not include studies of sections of the eye, this error 
is very natural. 

Papers on the median eye of crustacea often describe the pres- 
ence of a tapetum next to the two (or more) cells which form the 
eye cups. By homology the inner pigment region of the adult 
barnacle eye corresponds to these cells and the tapetum might 
therefore be either the loose connective tissue or the reticular 
regions of this eye. However so little uniformity is found in the 
use of this term by investigators that it is considered inadvisable 
to apply the name to any particular region of the barnacle eye. 

Barnacles in their natural environment will retract their cirri 
when stimulated by light, and this fact is mentioned by several of 
the early authors. Pickering (1848) brought it forward in con- 
firmation of Leidy’s report as to the existence of eyes in the adult. 
Darwin (1854) observed the reaction to light in Balanus bala- 
noides, Balanus crenatus, and Chthamalus stellatus and found that 
they were all sensitive to a shadow produced by passing his hand 
between them and the light. Gerstaecher (1866) reported ex- 
periments by Fr. Miller who found that Balanus tintinnabulum 
would react to a shadow when the body was removed and the eyes 
and certain muscles were left in the shell. (“dass Balanus tin- 
tinnabulum auf eine Beschattung mit der hand auch dann reagire, 
wenn er mit Zurticklassung seiner Augen an dem Manteldeckel, 
von diesem abgelost werde. Ein in dieser Weise entblosstes, mit 
halb entrollten Ranken im Wasser liegendes Exemplar zog 
dieselben jedesmal schnell ein, wenn es beschattet wurde.” ) 

In our study it was found that the adults of both Balanus bala- 
noides and Balanus eburneus close the opercular valves if there 
is a sudden change in light intensity although very gradual changes 
do not excite the reaction. Balanus eburneus is more sensitive to 
such changes than is Balanus balanoides. <A slight shadow may 
sometimes be cast upon the latter without affecting them but it 
was never possible to do this with Balanus eburneus. 

Since it is shown that the adults possess some light-perceptive 
mechanism, it becomes necessary to find what part the so-called 
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eye” plays in causing this reaction. Accordingly, the light 
reactions were studied in twenty-five adults of Balanus eburneus 
which had been deprived of these organs and it was observed that 
such animals showed no reaction to light changes, however sudden 
or intense, although when the eyes were intact they had all with- 
drawn their cirri and closed the valves under similar conditions. 
Therefore it is concluded that these organs are the sole light- 
perceptors present in the adult barnacle. 

The function of certain parts of the eye is problematical. Since 
the ganglion or visual cells send branches throughout the reticulum 
of connective tissue fibers immediately surrounding them, it is 
evident that this part serves in the transmission of the impulse. 
The looser collagenous fibers outside this area do not have any 
self-evident function. As they are not pigmented they would not 
prevent the passage of light and it seems probable that their func- 
tion is merely that of support. The inner pigmented cells may 
be either protective or reflective in nature. The structure of the 
eye and its inverted nature lend some support to the latter possi- 
bility. The light enters the eye through the non-pigmented area 
of the outer coat while its entrance through the other cells is pre- 
vented by the pigment. The fluid which is found in the eye of 


living specimens must act as a refractive as well as a supporting 
medium. 


SUMMARY. 


1. The development, structure, and function of the light-per- 
ceptive organs are described in the nauplian, cyprid, and adult 
stages of Balanus cburneus and Balanus balanoides. 

2. The light-perceptive organs present in the various stages are: 
(a) nauplian—a median eye, (>) metanauplian—a median eye and 
two compound eyes, (c) cyprid—a median eye and two compound 
eyes, (d) adult—two simple eyes. 


3. The median eye in Balanus eburneus originates as a single, 
pigmented mass in the unhatched Nauplius and persists with no 
change, except in size, until the metamorphosis of the Cyprid into 
the adult. 

4. The compound eyes first appear in the metanauplian stage 
and remain functional throughout the cyprid stage. 
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5. These compound eyes are resorbed at the time of the meta- 
morphosis of the Cyprid into the adult. 

6. At the metamorphosis into the adult the median eye divides 
into two parts which form the simple paired eyes of the adult. 

7. Each of the paired eyes in the adult is the morphological 
equivalent of half of the median eye plus an outer covering. 


8. The simple, paired eyes are the sole light-perceptive organs 
of the adult. 
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